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NepiAnyn

Ewayoyn: H vréptaon kot o coakyopdong dwfnme tomov 2 (XA2) oamotehodv dvo omd To
Kupldtepa TPoPAnpata vyeing mayKkoouing, to omoia givar aAANAEVOETO, KOOMG Ol VIEPTAGIKOT
evIMKeg €xovv vYNAOTEPO Kivovvo avdmtuéng ZA2. TToAAEG GLUUTEPLPOPES OLOTPOPNC KOl PUGIKNG
dpacTNPOTNTAS GLVOLOVTAL EEXMPLOTA e TNV LREPTACN N TO JwPntn. Qotdc0, M VEAPYOLCH
YVAOON Y10, AVTEG TIG GUUTEPLPOPEG GE GYECT LE TNV VIEPTACT GE EVIIMKEG VYNAOV KIvoHVoL Yo XA2
elvan eAdio.

Ykomog: H diepedvnon g dmapéng mbavadv cuoyeticemv HeTalld TV S0TpoPIK®V cuvnoedVy Kot
TOV OEIKTOV QUOIKTG OPUCSTNPLOTNTOS LE TO EMIMEON APTNPLOKNG TIECNC KO TNV VTAPEN VIEPTACTG,
o€ éva peyaio detypo evAMkoV vymAiov Kvovuvou yio A2, amd 6 epoTUIKES YDPES.

Meg0@oooroyia: Xtnv mopodoa UEAETN ¥PNOILOTOMONKAY TO GLYYPOVIKA OEOOUEVO TNG WEAETNG
Feel4Diabetes. Zoppeteiyov 2500 dropo amd 6 evponaikés yopes. H ovotolkn (ZI1), n dtactolky
(AIT) kaBmg kot 1 vrapén vréptaong petpndnkoy kot a&loloyndnkay cOUEOVO LE TIC TEAEVTOIES
Evponaikéc odnyiec. EmmAéov, éywvav avOpomopetpikég petpnoels, aloAdynoT GLUTEPLPOPDOV
STPOPNG Ko AokNoNg Kol EEETAGEIS OHHOTOG, HEG® TLTOTOMUEVOV OLOOIKOGUDY, GTUOGUEVOD
eEomMopod Kol eTKVPOUEVOV epotnuatoroyiov. H otatiotikn avaivon oeEnydn oe opdoeg
VYNAOD Kot YOUNAOD Kiwvdvuvov, KabBdg emiong €ywve doyopiopdg avdioyo pe v nikio, v
TEPLOYT KO TNV KOIVMVIKOOIKOVOLUKT] KOTAGTOOT).

Amoteléoporta: Amo tovg 2500 cvppetéyovieg, ot 1550 yapoaktnpiommkay ®¢ YapUnAiov Kivovvou
(FINDRISC<12) kat ot 890 w¢ vyniod xwdvvov (FINDRISC>12). O AMX frtav o kbOplog
TapAyovtag mov ouvoeinke avesdptnta pe v vmoapén avénuévng ZI1, AIl ko vréptaong, oe
OUAOES VYNAOV, OAAG Kot YOUNA0D KIVODVOL. TNV OpAda YOUNAOD KIvoUVov, N LYMAN TpdoAnym
UTOPAG, UNALTY, OVOTTVEVUOTMOIMV TOTMOV KO YOUNANG KATAVAA®GONG 00TPimv cuvdEdnke BeTikd pe
) ZI1, ™ AIl xou v dmopén vaéptacns. TNV opdada LYNAOD Kvddvov, 1 YOUNAN KoTavaimon
00TPI®V Kol 1] VYNAN TPOGANYT OVOTVELUATMIMV TOTMV cLvoEOnKay Betikd pe ) ZI1 kon ™ ATl
EVO M LVYNAN TPOCANYN OWVOTVELUATMOMV cLVOEONKe emiong Betikd pe v vVapéEn vaéptaong. H
OOUOTIKY] OpOoTNPOTNTO OEV GLCYETIOCTNKE ONUOVTIKA HE Kopio omd TIG TOPAUETPOVS TOV
peAetnOnkov oto Topdv detypa.

Xopnépaocpa: H avénuévn KatavdAwmon otvomvELLOTOIMV TOTMOV, N YOUNAN KOTOVIAM®GT 0GTpimv
Kot 0 AMZ amotehovV Tovg KLplOTEPOLS TapdyovTeg Tov cuvdéovtal Beticd pe ) X1, ) Al kot
mv Omapén vméptacng o€ eVAAIKEG LYNAOL Kwvdvvou Yoo XA2. To peAlovikd mpoypappoTo
TpOANYNG Ba mpémet va evtomilovy Kot vo avTETOTILOVV £YKOPO AVTEG TIG GUUTEPLPOPES DOTE VAL
VILAPYEL TTO OMOTEAEGLOTIKY] AVTILETMOMIOT) TOL KvOHVOL Yo ZA2.

Aggarig  khedrd:  vméptaocm, cakyopddINg SwPNING,  STPOPIKEG  GLUTEPIPOPES,  PUOIKN
dpacTnpOTNTA



Abstract

Background: Hypertension and Type 2 Diabetes Mellitus (T2DM) are two of the main health
problems worldwide, which are widely interrelated, as hypertensive adults have a higher risk for
developing T2DM. Many dietary and physical activity behaviors are separately associated with
hypertension or diabetes. However, knowledge regarding these behaviors in relation to hypertension
in adults at high risk for T2DM is scarce.

Aim: To examine the possible associations of dietary habits and physical activity indices with blood
pressure levels and existence of hypertension in adults at high risk for T2DM in a large sample from

six European countries.

Methods: FeeldDiabetes baseline data are used in this study. 2500 participants from six European
countries participated in this study. Systolic (SBP), Diastolic (DBP) blood pressure and existence of
hypertension were measured and assessed following the latest European Guidelines. Anthropometric
measurements, dietary & physical activity behaviors and blood tests were also evaluated through
standard procedures, equipment and validated questionnaires. Statistical analyses were conducted in
high and low risk groups, and also separated according to age, region and socioeconomic status
(SES).

Results: Out of 2500 participants, 1550 were defined as low risk (FINDRISC<12) and 890 as high
risk (FINDRISC>12). BMI was the main factor independently associated with SBP, DBP and
hypertension existence in both high and low risk groups. In the low risk participants, high intake of
beer, cider, spirits and low legume consumption were positively associated with SBP, DBP and
existence of hypertension. In the high risk group, low legumes consumption and high intake of
spirits were positively associated with SBP and DBP, while high intake of spirits was also positive
associated with existence of hypertension. Physical activity was not significantly associated with

any of the studied parameters in the present sample.

Conclusions: Increased intake of spirits, low legume consumption and BMI are the main factors
positively associated with SBP, DBP and existence of hypertension in adults at high risk of
hypertension. Future prevention programs should early identify and tackle these behaviors in order

to more efficiently reduce risk for T2DM.

Key words: hypertension, diabetes mellitus, dietary behaviors, physical activity
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1. Introduction

Diabetes mellitus and hypertension are two of the most important health problems worldwide. In
recent years, the prevalence of these two conditions has a remarkable increase, which in turn has led
to an increased scientific interest. [1]

1.1 Hypertension

According to the latest European guidelines, hypertension is defined as the repeated
measurements of blood pressure over 140/90 mm Hg (systolic and diastolic, respectively). [2]
Whereas, the revised American Heart Association guidelines (AHA), sets the borderline value for

hypertension diagnosis above 130/80 mm Hg. [3]

The prevalence of hypertension is highly dependent on the thresholds used. Based on the revised
US guidelines about 40% of world’s population is affected, with a higher incidence in older ages. [2]
Hypertension is responsible for 7.5 million deaths worldwide, which equals to 12.8% of all deaths
per year. [4] In 2025, prevalence of hypertension is estimated to be at 29% globally, which is about
1.5 billion people. [5]

Taking into account the latest AHA hypertension guidelines, about 103 million people have been
diagnosed with hypertension in USA, which accounts for 46% of the adult population. [6] Based on
World Health Organization (WHO) data, prevalence of hypertension in Africa and Europe exceeds
40%. [4] In Greece, 20.9% of the population aged over 15 has hypertension, according to Hellenic
Statistical Authority. For older people the prevalence is greater. More specific, 30.5% of people

aged 55 — 64 and 51.1% of people aged 65 — 74 are hypertensive. [7]

Hypertension is the major risk factor for the development of various cardiovascular diseases,
such as heart failure, stroke, atherosclerosis, atrial fibrillation and peripheral vascular disease. [8] It
is remarkable that over 50% of deaths from stroke or myocardial infarction occur in hypertensive
individuals. [9] In addition, hypertension is responsible for a variety of diseases. It is the major risk
factor for kidney disease, leading to chronic renal failure. [5] Also, hypertension is attributable to

adverse conditions, such as blindness, gangrene of the lower limbs and preeclampsia. [10]

Non-modifiable risk factors of hypertension are genetic predisposition, age (especially people
over 55 years old), sex (males are in greater risk, especially in younger ages), nationality (African
race), high socio — economic status and chronic diseases (diabetes mellitus, chronic kidney disease,

~ 11 ~



coronary heart disease). [11] [12] [13] Among the most important modifiable risk factors are diet
(increased sodium consumption, reduced consumption of potassium, magnesium, calcium and
increased alcohol consumption), obesity, smoking, physical inactivity (which may lead to excess
body weight) and stress. [11] [12] [14]

1.2 Diabetes mellitus

Diabetes mellitus is a chronic disease characterized by hyperglycemia. Inability of the pancreas
to produce insulin or inadequate amounts of the hormone, or inefficient use of the hormone by the
body are the main causes of hyperglycemia. [15] The 3 main types of diabetes are type 1 diabetes
mellitus (T1DM), type 2 diabetes mellitus (T2DM) and gestational diabetes.

T2DM is the most common type of diabetes worldwide, caused by [11] insufficient insulin
response, a condition defined as insulin resistance. T2DM is common in adults, but is increasingly
observed in children, adolescents and young people due to rising levels of obesity and sedentary
lifestyle. [15] Hyperglycemia, increases thirst and hunger, frequent urination and weight loss.
However, T2DM might also be asymptomatic for a long time. [11]

T2DM is a global issue and its prevalence has risen dramatically over the last few years. [15] [16]
In 1980 prevalence of T2DM was 108 million adults or 4.7 % of the population, worldwide.
Nowadays, it has almost quadrupled and reaches 425 million adults, 20 — 79 years old, which is 8.8
% of global population. [15] [17] In 2045, it is estimated that about 629 million people aged 20 — 79
will have T2DM. [15]

In 2014, 64 million people in Europe, almost 7.3 % of European population, had been diagnosed
with T2DM. By 2017, prevalence had increased to 8.8 % of the European population. [15] [17] In
Greece, 7.2 % of adults aged 20 — 79 years old have T2DM. [15] However, the prevalence of T2DM
for the elderly (>75 years old) is 30.3 %. [18] It should be mentioned that about 212.4 million,
almost 50 % of diabetics, have undiagnosed T2DM. [15] .

Inappropriate management of T2DM leads to a variety of acute or chronic complications. [15]
[19] Hyperglycemia and hypoglycemia are short term complications. Hyperglycemia might lead to
diabetic ketoacidosis or to hyperglycemic diabetic coma. On the other hand, hypoglycemia might

cause loss of consciousness. [19]

~12 ~



Chronic complications of T2DM can be either microvascular or macrovascular. Neuropathy,
nephropathy and retinopathy (blindness resulting gradually from damage in retinal vessels) are
microvascular complications. Macrovascular complications include coronary heart disease,
peripheral vascular disease, diabetic encephalopathy and diabetic foot. [11] [15] Moreover, T2DM is
associated with increased risk of cancer, mental disability tuberculosis and depression. [15]

Pathogenesis of T2DM is characterized by a set of risk factors, some of which are non —
modifiable and some are modifiable. [11] Genetic predisposition, age, nationality (African race) and
gestational diabetes are non — modifiable risk factors. [11] [15] [19] [20] Modifiable risk factors
consist of obesity, unhealthy diet and type of diet in childhood, physical inactivity and smoking.
[15] [19] [21]

1.3 Hypertension & diet

Diet is one of the most important modifiable risk factors for hypertension. Various components
of the diet, that have either a protective or an aggravating role in the onset of hypertension, are listed

below.

1.3.1 Nutrients

Sodium

Sodium is an electrolyte and it is a component of almost every food. Its consumption is strongly
associated with the occurrence of a variety of diseases, such as hypertension. [11] Sodium ions
activate the brain renin — angiotensin — aldosterone system, causing sympathetic system activation
which leads to vasoconstriction and increase of blood pressure. [22] AHA guidelines for prevention
and treatment of hypertension recommend that sodium consumption should not exceed 1500 mg/
day, which is equal to 3.8 g of salt. [1] European guidelines are similar, recommending consumption
of 5 — 6 g of salt per day, which is about 2000 — 2400 mg of sodium. [3] However, daily sodium
intake exceeds recommendations, since most people consume 9 — 12 g salt per day. [23] A large
number of interventional studies, reviews and meta — analyses confirms the beneficial effect of
reducing salt consumption in arterial blood pressure. Salt reduction, even when the intake is above
recommendations, is strongly associated with reduced blood pressure both in hypertensive and
healthy subjects. [24] [25]

~13 ~



Potassium

Potassium is also an electrolyte. Potassium intake is associated with reduction of blood pressure, not
only in hypertensives but also in healthy subjects. [26] Reduction of blood pressure levels is
attributed to increased sodium excretion in the urine, inhibition of renin secretion, antagonism of
angiotensin and increase of endothelium — dependent vasodilation. [11] There are many
epidemiological studies and meta — analyses which support the inverse association of adequate
potassium intake and arterial pressure. [27] [28]

Calcium & Magnesium

Calcium and magnesium are micronutrients that appear to have beneficial effects on blood pressure.
Calcium can lower blood pressure levels by increasing excretion of sodium in urine, by regulating
the activation of the sympathetic nervous system and by decreasing calcium excretion in vascular
smooth muscle cells which leads to lower vasoconstriction. Magnesium contributes to vasodilation,
since it decreases cells’ calcium intake and activates prostaglandin 12 production, which causes
vasodilation. [11] Data from reviews and meta — analyses suggest that adequate intake of these

micronutrients also are favorable for arterial pressure. [29] [30] [31]

Dietary fiber

Adequate intake of dietary fiber provides protection against cardiovascular diseases through a
variety of mechanisms, one of which is blood pressure reduction. [11] Meta — analyses data also

support the protective effect of dietary fiber on arterial pressure. [32]

o — 3 polyunsaturated fatty acids

Eicosapentaenoic (EPA) and docosahexaenoic (DHA) are o — 3 polyunsaturated fatty acids with
beneficial effects on hypertension. [33] Many studies and meta — analyses confirm the positive
effect of EPA and DHA on blood pressure. [34]

1.3.2 Food groups
Dairy
Dairy consumption is often associated with unfavorable effects on blood pressure levels. However,

daily consumption of low fat dairy, seems to have beneficial effects on arterial blood pressure. A

large number of prospective and interventional clinical trials and data from meta — analyses suggest
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that daily consumption of low fat dairy, could contribute to the prevention or reduction of elevated
blood pressure, in healthy or hypertensive subjects respectively. [35] [36] [37] [38] [39]

Fruits & Vegetables

Fruits and vegetables are important components of a healthy diet. Guidelines of numerous health
organizations, as well as health professionals’ recommendations suggest their daily adequate
consumption for the preservation of health and the prevention of many diseases, like hypertension.
[1] [15] Data from meta — analyses also suggest that there might be an inverse association of
adequate fruit and vegetable consumption with risk of developing hypertension. [40] [41]

Nuts

This food group is well known for its increased content of polyunsaturated fatty acids. Frequent
consumption of nuts, but not over — consumption, has been associated with reduced risk of

hypertension by a large number of meta —analyses. [42] [43] [44]
Fish

The main source of  — 3 polyunsaturated fatty acids is fish. Fish consumption is an important
component of a healthy diet. Its beneficial effect on hypertension is confirmed by many reviews and

meta — analyses. [45]

Alcohol & alcoholic drinks

Excess alcohol consumption is related to several diseases, including hypertension. [15] A large
number of studies suggest that high alcohol consumption, more than 2 drinks per day, is strongly
associated with hypertension. However, moderate alcohol consumption, 1 to 2 drinks daily, might
reduce the risk of hypertension, only in women. It is also found that consumption of alcohol,
especially red wine, accompanied by a meal, may have a protective role in relation to hypertension.
[46] [47]

1.3.3 Dietary patterns

There is a large number of nutrients and food groups that may affect blood pressure. However,

nutrients and food items are not consumed in isolation and investigation of their combined effects in

meals throughout a day related to health conditions is more meaningful. The most important dietary

patterns investigated in relation to hypertension, are the Mediterranean diet and the DASH diet
~ 15 ~



(Dietary Approach to Stop Hypertension) diet. Recent meta — analyses suggest that adhesion to the
Mediterranean or the DASH dietary pattern could decrease blood pressure in hypertensive subjects
or lower the risk for hypertension development. [48] [49] [50] [51]

1.4 Hypertension & physical activity

Physical activity (PA) and sedentary lifestyle are two of the most important lifestyle factors that
both affect arterial pressure. [1]

1.4.1. Physical activity

Both organized and non-organized PA are very important non — pharmacological intervention for
hypertension prevention and risk reduction. [1] A large number of studies and meta — analyses
demonstrate an inverse relationship between PA and blood pressure levels. [52] [53] [54] In 2017, a
large meta — analysis found that subjects who met the PA guidelines had a 6 % reduction in

hypertension risk compared with inactive individuals. [55]

Aerobic exercise is the most widely form known for its effectiveness in blood pressure reduction.
[56] [57] [58] However, resistance training and isometric exercise training are also beneficial and
could decrease both systolic and diastolic blood pressure, with greater effects observed in pre —
hypertensive and hypertensive subjects. [59] [60] Additionally, PA is a very important lifestyle
factor, since it affects blood pressure acutely. A meta — analysis investigating the acute effect of
exercise on blood pressure demonstrates that a few hours after an exercise session there was a
significant reduction in blood pressure levels. The beneficial effects were more distinct with
jogging, when the PA was performed as a preventive strategy or for people not taking

antihypertensive medication. [61]

1.4.1. Sedentary lifestyle

Sedentary behavior is associated with a variety of adverse health outcomes, including hypertension.
In 2008, it has been estimated that physical inactivity was the main cause of 9.4 % of deaths
worldwide, which was more than 5 million deaths. [62] Sedentary behavior is an independent risk
factor for cardiovascular mortality and hypertension, since it is associated with these outcomes, even
when subjects are physically active. [63] Therefore, increased PA and avoidance of prolonged

sitting are recommended for health improvement. [64]
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1.5 Hypertension, risk factors for diabetes mellitus & diet

There is a large number of studies investigating the separate associations of diet with hypertension
and with T2DM. However, there is little evidence regarding the possible effects of diet on
hypertension in people with risk factors or diagnosis for T2DM.

Among the few relevant studies, one conducted in overweight and obese adults with primary
hypertension investigated the effects of DASH diet in arterial pressure, body weight and glucose
metabolism. It was a 3 — month prospective randomized study with 131 participants that were
separated in the DASH group and the control group. Participants in the intervention group were
given an individualized diet plan, whereas the control group received only standard
recommendations. In the DASH group there was a significant decrease in body mass, blood pressure
and fasting glucose, for both sexes, indicating the beneficial effects of DASH diet. [65]

In another randomized, controlled trial, researchers examined if 1 year of Mediterranean diet
administration and lifestyle intervention had any effects on insulin resistance. In this study, 315
subjects participated, 156 of which were overweight and hypertensives, the rest were overweight
with normal blood pressure. They were given a personalized diet plan in order to reach a target body
weight; physical activity and smoking cessation were also encouraged. Hypertensive patients
decreased their BMI and HOMA — IR. However, HOMA — IR was still abnormal and significantly

higher in comparison to control group, after 1 year of diet and lifestyle intervention. [66]

1.6 Hypertension, risk factors for diabetes mellitus & exercise

As with diet there are many studies in the literature investigating the effects of exercise or sedentary
behavior separately on hypertension and T2DM. However there is little knowledge regarding the
possible effects of physical activity and sedentary behavior on people with hypertension and risk

factors or diagnosis for T2DM.

1.6.1. Hypertension, risk factors for diabetes mellitus & physical activity

There are not many studies available in the literature. In 2016, a randomized, controlled trial
compared the effect of low — volume high intensity against high — volume low intensity exercise on
insulin sensitivity and glucose control in 62 overweight, mild hypertensive and inactive women.
Participants under medication were excluded. They were randomized in 3 groups, low — volume

high intensity group, high — volume low intensity group and the control group. The training groups
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followed three training sessions per week for 15 weeks, while control group had no lifestyle changes
during the same period of time. It was found that plasma glucose and insulin levels significantly
decreased after low — volume high intensity exercise compared to control group, indicating that this
type of physical activity is favorable for insulin sensitivity in hypertensive women. [67]

1.6.2. Hypertension, risk factors for diabetes mellitus & sedentary lifestyle

Sedentary lifestyle is an important risk factor for many diseases like hypertension and T2DM. There
is little evidence available in the literature about the results in blood glucose and insulin levels after
replacing sedentary time with exercise in hypertensive subjects. In one available study, Suboc et al.
conducted a randomized control trial in 96 pre — hypertensive and hypertensive sedentary adults.
The aim of the study was to investigate possible associations of reduction in sedentary time with
cardiovascular function and insulin sensitivity. Intervention’s lasted 12 weeks and participants were
divided in 3 groups, two groups had different levels of reduction in sedentary time and one group
had an increase. No statistically significant reductions were observed in insulin sensitivity and blood
glucose levels in the first two groups following sedentary time reduction. However more studies are

needed in order to thoroughly investigate this issue. [68]

1.7 Purpose

The data available in the literature regarding diet, physical activity and their relation with blood
pressure levels in adults at high risk for T2DM are inadequate and unclear. The purpose of this study
is to examine the possible association of dietary habits and physical activity indices with blood

pressure levels in families at high risk for T2DM in a large sample in Europe.
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2. Methods

2.1 The study

Feel4Diabetes was a large school- and community— based intervention among families from
vulnerable groups in six European countries, organization and planning of which started in January
2015. As “vulnerable” groups were defined families from low/middle income countries (Bulgaria,
Hungary), from low socioeconomic areas in high income countries (Belgium, Finland) and from
countries with economic crisis (austerity measures) (Greece, Spain). The aim of the study was to
promote healthy lifestyle and come up against obesity and obesity — related metabolic risk factors
for the prevention of T2DM among these families. In this large intervention study 11.511 families
participated.

2.2 Recruitment

Sample collection started in January 2016. Recruitment was conducted within the provinces of Oost-
Vlaanderen and West-Vlaanderen (Belgium), Varna and Sofia (Bulgaria), Satakunta (Finland),
Attica (Greece), Debrecen and its county (Hungary) and Zaragoza (Spain). Children attending the
first three grades of compulsory education and their families were recruited to the study.
FeeldDiabetes final sample consisted of a total of 11.511 families (“all families”) of whom 2.230
were “high — risk families”. The identification of the high-risk families was based on type 2 diabetes
risk estimation using the Finnish Diabetes Risk Score (FINDRISC). To be regarded as a “high-risk
family”, at least one parent in the family had to fulfil the country-specific cut-off point.

2.3 Feel4Diabetes Protocol

After the end of the initial recruitment and assessment of the study population the intervention of the
study was initiated. Intervention of the FeeldDiabetes study was divided in 2 groups. The first is the
“all families” group whose intervention was applied in the school environment and the other one is
the “high risk families” group. For this group intervention took place out of school focusing only in
families at high risk for developing T2DM. The initial measurements were carried out between April

and June, whereas for Finland, Hungary and Bulgaria between August and September of 2016.

Adults of “high risk families” were asked to attend the local community center of the municipality

participating in the study, in order to undergo a more analytic assessment. Intervention in “high risk
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families” group included 7 counseling sessions about participants’ lifestyle during the 1% year of the
study, (academic year 2016 — 2017). The first 6 sessions were completed by March 2017, whereas
the 7" was held in September 2017. In the 7" session, the results from the 1% follow — up and the 1%
check — up were presented to each family. In the last session the objectives of the second year of
intervention were set. The counseling sessions included behavioral techniques in order to increase
motivation and self — efficacy of participants in “high risk families” group, to improve self —
regulation and establish measurable, feasible, realistic and time — specific goals. In every session,
“high risk families” group was provided with relevant material and carried out specific activities,
either during the session or at home. During the 2" year of intervention, (academic year 2017 —
2018), participants received incentive feedback and mobile message guidance.

2.4 Ethical approval and consent forms

The Feel4Diabetes study adhered to the Declaration of Helsinki and the conventions of the Council
of Europe on human rights and biomedicine. Prior to initiating the intervention, all participating
countries obtained ethical clearance from the relevant ethical committees and local authorities. In
Greece the study was approved by the Bioethics Committee of Harokopio University and the Greek
Ministry of Education. All parents/caregivers provided a signed consent form before being enrolled

in the study.
2.5 Measurements

Participants from both groups were asked to undergo anthropometric measurements, physical
activity assessment, arterial pressure measurement and blood tests. In “high risk families” group,
parents/guardians were asked to fill in a specific questionnaire for themselves and another one for

their children.

2.5.1 Anthropometric measurements

Body weight

Body weight was measured twice in every session for each participant by the same examiner.
Measurements were conducted by using weight scales SECA 813 and SECA 877. Participants were
asked to remove their shoes, any heavy object (e.g. belt, keys) and clothes that could be removed.
Then, participants were asked to stand in the center of the scale with their weight evenly distributed

on both legs. They had to remain stable until the indication was stabilized in the scale. The
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indication was recorded at the nearest ten kilogram (0,1 Kg). A third measurement was performed
only if the previous two varied by 100 g.

Study participants were categorized for their body weight by using Body Mass Index (BMI), as
defined by WHO. [69] Individuals unable to stand or in a wheelchair, pregnant women or
participants who refused were excluded.

Height

Height was measured twice for each participant by the same examiner. For height measurements
SECA 213, SECA 214, SECA 217 and SECA 225 were the stadiometers used. Researchers asked
every participant to remove the shoes or any other garment or object that caused difficulties to the
measurement (e.g. heavy clothing, hair accessories). Then, they hat to stand in a natural position
with the back turned to the stadiometer, focus on a point straight across and remain stable. The
researcher had to confirm that the participant’s position was correct and then the measurement was
conducted at the end of a deep breath. There was a third measurement only if the previous two

varied more than 1 cm.

Participants with difficulties in standing, unable to move or in a wheelchair, those being higher than
the maximum height of the stadiometer, pregnant women or people that refused to get measured

were excluded from the measurement.

Waist circumference

Waist circumference measurement was carried out twice. A non-elastic band (SECA 201) calibrated
in millimeters (mm), was used to measure waist circumference. The measurement was carried out in
a private place. The researcher asked the participants to remove objects which tend to change body
shape (e.g. belt). They were also asked to remove clothes in order to reveal the waist; in cases that
the participant did not consent to remove its clothes the measurement was carried out in light
clothing, which was recorded. The participant was asked to breathe normally while the researcher
had to record the mark of the tape at the end of the expiration. The value in the band was recorded at
the nearest tenth of a centimeter (0,1 cm). A third measurement was carried out only if the previous

two varied more than 1 cm.

Categorization of the study participants according to their waist circumference was performed in

accordance with specific classification limits defined by WHO. [69] Difficulties in standing,
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stationary individuals or in a wheelchair, colostomy, ileostomy, recent abdominal surgery or other
problems/devices that made it difficult to the researcher to carry out the measurement appropriately,
individuals with greater waist circumference that the tape could measure, pregnancy or refusal to get
measured were the main reasons for not participating in this measurement. For each case the reason

was recorded.

2.5.2 Arterial pressure

The automated Omron M6 AC and Omron M6 were used to measure systolic and diastolic blood
pressure and pulses/minute. The measurement was conducted in a private, quiet place with the
proper temperature. The participant was asked to sit down and relax for 5 minutes before the
measurement. Then, the researcher had to start the measurement and the indication of the device was
recorded. With the participant remaining in the same position, two other measurements were
conducted, with one minute interval. The average of the three measurements was calculated. The
total existence of hypertension was evaluated by separation of the participants 2 groups; the first
consisted of participants with normal blood pressure and the second of hypertensive participants. As
hypertensive were considered the participants with increased SBP and DBP, or even when only one

was out of normal range. Hypertension was defined according to the latest European guidelines. [2]

Participants that were mutilated, with open sores, wounds or rashes in both arms, participants with
malformations in both arms that made it impossible to place the cuff, participants with malfunction
in their lymph nodes that caused difficulty in fitting the cuffs, pregnancy or refusal were the main

reasons for not participating in this measurement. For each case the reason was recorded.

2.5.3 Blood tests

Blood samples were collected from the participants in order to determine levels of total cholesterol,
HDL cholesterol, LDL cholesterol, triglycerides and fasting glucose in their bloods. Samples’
collection was conducted early in the morning, around 8.30 to 10.30. The examination required an
overnight fasting (twelve hours). The process was quick and simple. A specialized researcher
collected up to 16mL of blood from the participant by venipuncture. Some of the collected blood
was held and left for 30 to 120 minutes without using an anticoagulant, in order to separate the
serum. The blood after sneezing was centrifuged at 3000 rpm for 10 minutes, until the serum was
divided into fractions and then stored at -80 ° C. All the serum samples of the participants were
stored at -80 ° C.
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In order to determine total cholesterol, HDL cholesterol, LDL cholesterol and triglycerides, the
enzymatic chromatogram (Roche Diagnostics SA, Vasilia, Switzerland) was used with the
assistance of an automatic analyzer (Roche / Hitachi Modular). The potential existence of
dyslipidemia in participants was determined based on the limits of the National Cholesterol (NCEP),
National Cholesterol Education Program. [70] For glucose determination, the method of the
hexokinase (enzymatic reaction GOD-PAP) was used. The probable existence of diabetes, pre-
diabetes and / or dysglycemia among participants was determined based on the WHO limits. [71]

2.5.4 Demographics — Dietary habits

Demographic characteristics were collected using questionnaires. More specific, the questions for
the adult participants concerned their identity, questionnaire completion area, date of birth, level of
education, race, marital status, their main occupation for the last six months, smoking habits, usual
hours of sleep, whether or not the person was aware of the possible existence of T2DM, medication
for T2DM if it was already diagnosed and possible medication for raised blood pressure or
cholesterol, which was prescribed by a doctor.

In addition, there were questions about the individual’s dietary habits regarding the frequency of
meals and snacks, the frequency and quality of consumption certain types of food at breakfast and
the reasons for skipping breakfast. Moreover, participants were asked to record the frequency of
eating meals with others, the quantity, quality and frequency of consumption of particular types of
food (dairy products, bread, fats, fruits, vegetables, pulses, red meat, processed meat, white meat,
fish, seafood, salty snacks, pastries, nuts, seeds, water, tea, coffee, alcoholic beverages, soft drinks
with or without sugar). Participants were also asked to express their opinion about their current body
weight and about the minimum consumption of fruits and vegetables per day recommended for

adults.
2.5.5 Physical activity

Physical activity levels were assessed by using pacemakers and accelerometers. OMRON Walkman
Style Pro Pedometer and Omron HJ-322UE Walking Style Pro 2.0 3D USB Accelerator Sensor Step
Counter were the types of devices used. Also the accelerometer model GT1M ActiGraph, GT3X
ActiGraph , GT3X + ActiGraph, Traxmeet was used.

Pacemakers and accelerometers were given to the participants and instructions were also given for

proper use. They were also provided with a calendar of activities in order to keep a record. Every
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time the device had to be deactivated, they had to write down the reason and the time that the device
was not in use. Every device was secured to the trouser/ skirt zone of each participant and
specifically to the right hip side in alignment with the middle of the right knee. As soon as the
participant stood up the device was activated. Participants with movement difficulties or restricted

movement (e.g. leg break) were excluded from this measurement.

Physical activity for both participants’ groups was also assessed by using a relevant questionnaire.
Questions were related to the frequency, intensity, type of physical activity that the participant had
the previous 7 days and contribution of other people to the decision for physical activity. There were
also questions about the time and the reason for possible adoption of sedentary behavior. Moreover,
participants were asked to write down their opinion on the minimum recommended time for physical

activity.
2.6 Statistical analysis

Statistical analyses were performed using statistical package 21.0 (SPSS: Statistical Package for
Social Sciences, SPSS Inc., Chicago, IL, USA). Normality of distribution of variables was checked
using the Kolmogorov — Smirnov test. Categorical variables are presented as relative frequencies
(%) and continuous as mean * standard deviation (SD). Multivariate linear regression analysis was
performed (including all dietary and physical activity variables, as well as smoking and gender) in
order to assess the possible independent associations of the above mentioned behaviors with either
SBP or DBP. Similarly multiple logistic regression analysis was used to investigate the independent
associations of the above mentioned behaviors with existence of hypertension. All analyses were
performed in the total sample divided in high and low risk groups separated by score 12 of the
FINDRISC score, as well as according to region, age and SES categories also for high and low risk
for T2DM groups. BMI was entered in both linear and logistic multivariate models in order to
highlight those behaviors independently associated with SBP, DBP or existence of hypertension
from all other behaviors tested, as well as from BMI. Level of statistical significance was set at

p=<0.05 for all analyses.
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3. Results

Study population

In the present study 2500 non-diabetic people participated, 1550 of which were identified as low risk
(FINDRISC<12) and 890 as high risk (FINDRISC>12). 35.5% of the participants were overweight
and 36.5% were obese. Mean SBP was 117.77 (x16.66) and mean DBP was 78.29 (x11.42) in total

group while 44.8% of low risk and 58.6% of high risk participants were hypertensive. Baseline

characteristics of the study population are presented in Table 1.

Table 1. Characteristics of the study population (MeanzSD or %)

Variables Total FINDRISC<12 FINDRISC>12
(n=2500) (n=1550) (n=890)
Gender
Female 66.3% 66.7% 66.9%
Male 33.7% 33.3% 33.1%
Age by 2 groups
<45 76.1% 81.7% 66.4%
>45 23.9% 18.3% 33.6%
Education
0-14 40.6% 38.7% 42.5%
>15 59.4% 61.3% 57.5%
Region
Central - North Europe 28.5% 28.1% 29.2%
Southeast Europe 71.5% 71.9% 70.8%

BMI* (Kg/m?)
Weight status

28.53 (£5.44)

27.11 (+4.90)

31.03 (£5.38)

<18.5 kg/m2 0.6% 0.8% 0.2%
18.5-25 kg/m2 27.4% 36.7% 11.1%
25-30 kg/m2 35.5% 37.1% 32.3%
>30 kg/m2 36.5% 25.4% 56.4%
Waist circumference (cm) 94.68 (£14.30) 91.20 (£13.49) 100.88 (+13.62)
Smoking status
Never smoked 45.9% 48.2% 41.8%
Former smoker 28.3% 26.5% 31.8%
Current smoker 25.9% 25.3% 26.4%

SBP* (mean of 2nd and 3rd measurement)
(mm Hg)
DBP* (mean of 2nd and 3rd measurement)
(mm Hg)
Existence of Hypertension and
Prehypertension

No

117.77 (+16.66)

78.29 (+11.42)

50%
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77.08 (+11.13)

55.2%

120.93 (+16.98)

80.57 (+11.64)
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Yes 50% 44.8% 58,6%
Medication for high blood pressure
No 92% 95.8% 85.9%
Yes 8% 4.2% 14.1%
Total cholesterol (mg/dL) 194.39 (+37.65) 192.33 (+36.79) 198.23 (+38.67)
LDL (mg/dL) 120.58 (+32.88)  118.21 (+32.36) 124.54 (+33.25)
HDL (mg/dL) 53.12 (+13.95) 54.56 (+14.46) 50.94 (+12.70)

TAG (mg/dL) 109.17 (+85.07)  101.71 (+72.12)  122.82 (+104.39)

Glucose (mmol/L) 5.26 (+0.78) 5.17 (+0.66) 5.43 (£0.94)
Insulin (mU/L or pIU/mL) 9.95 (+£8.99) 8.77 (£6.49) 12.20 (£11.24)
Findrisc score 10.27 (+4.06) 7.98 (+2.96) 14.23 (+2.25)
Low fat dairy (240mL/day) 0.82 (£1.19) 0.79 (£1,17) 0.90 (£1.25)
Full fat dairy (240mL/day) 0.43 (+0.76) 0.45 (+0,78) 0.42 (+0.4)
Vegetables (cups/day) 0.58 (£0.55) 0.60 (£0.56) 0.56 (+0.54)
Fruits and berries (cups/day) 0.52 (x0.51) 0.53 (x0.50) 0.50 (x0.52)
Refined cereals (30g) 0.16 (x0.59) 0.16 (£0,54) 0.15 (+0.69)
Whole grain cereals 0.47 (x0.89) 0.48 (x0,89) 0.45 (+0.85)
Legumes (cups/day) 0.28 (£0.25) 0.29 (£0,26) 0.28 (+0.24)
Red meat (g/day) 73.43 (£55,70) 70.40 (£50,69) 78.26 (+£62.71)
White meat (g/day) 55.95 (+42,87) 54.69 (+41,04) 59.50 (+45.65)
Fish (g/day) 33.92 (£28.10) 33.81 (+27,83) 35.00 (+£28.67)
Salty snacks* (portions/day) 0.24 (x0.31) 0.23 (x0.28) 0.25 (+0.33)
Sweet snacks* (40g/day) 0.57 (x0.73) 0.56 (£0.69) 0.58 (+0.74)
Nuts and seeds (30g/day) 0.31 (x0.49) 0.32 (x0.52) 0.28 (x0.42)
Tea (250mL/day) 0.35 (+0.72) 0.35 (+0.73) 0.34 (+0.68)
Coffee (250mL/day) 1.48 (£1.29) 1.47 (£1.22) 1.50 (£1.38)
Soft drinks with sugar (250mL/day) 0.20 (x0.48) 0.19 (x0.47) 0.21 (x0.49)
Soft drinks without sugar (250mL/day) 0.24 (£0.59) 0.22 (£0.58) 0.27 (x0.61)
Juice without sugar (250mL/day) 0.24 (£0.38) 0.25 (£0.36) 0.24 (x0.43)
Juice with sugar (250mL/day) 0.10 (x0.27) 0.09 (£0.27) 0.10 (+0.26)
Beer and cider (330mL/day) 0.26 (£0.58) 0.25 (£0.46) 0.26 (x0.52)
Wine (125mL/day) 0.18 (+0.35) 0.18 (z0,33) 0.17 (£0.39)
Spirits (40mL/day) 0.10 (+0.29) 0.09 (z0,25) 0.10 (£0.33)
MPA* (min/day) 40.52 (£62.16) 40.16 (+61.61) 39.99 (+62.32)
VPA* (min/day) 44.46 (£87.52) 44.27 (+86.31) 43.75 (£85.89)
Walking (min/day) 64.96 (£105.91)  66.22 (+105.55) 64.68 (+109.28)
Sitting (hours/day) 5.35 (£3.35) 5.26 (£3.34) 5.52 (+3.37)

*BMI: Body Mass Index

*SBP: Systolic Blood Pressure

*DBP: Diastolic Blood Pressure

*MPA: Moderate Physical Activity

*VPA: Vigorous Physical Activity

*Salty snacks: chips, pizza, cheese pie
*Sweet snacks: chocolate, biscuits, ice cream
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Systolic Blood Pressure (SBP)

BMI was the main factor independently associated with SBP, in high and low risk groups both in the
total sample as well as in subgroups according to age, region and socioeconomic status (SES). In
low risk participants, high intake of low fat dairies, spirits and low legume consumption were
positively associated with SBP, independently of sex and smoking. After adjustment for BMI, the
above associations were still found, but also beer and cider consumption was positively associated
with SBP. On the other hand, in high risk group, low legumes consumption and high intake of
coffee and spirits were positively associated with SBP. After adjusting for BMI, all mentioned
associations remained statistically significant. In low risk group, legume consumption was inversely
associated with SBP independently of region, age and SES, but this was not found for high risk
group. In high risk group, coffee consumption was positively associated with SBP only in people
older than 45 years old and people from low SES group, independently from BMI. Associations of
all variables with SBP are shown in Table 2, whereas associations of variables with SBP by age,
region and SES are shown in Table 3.

Diastolic Blood Pressure (DBP)

BMI was again an independent factor positively associated with DBP in all the analyses performed.
Similarly with SBP, high intake of low fat dairies, spirits and low legume consumption were
positively associated with DBP, independently of sex and smoking. After adjustment for BMI, the
above associations were still found, but also beer and cider consumption was positively associated
with DBP. In high risk group, wine and reduced refined cereals and spirits consumption were
inversely associated with DBP, independently of sex and smoking. The same associations were
found after adjusting for BMI. Only in low risk group, legume consumption was inversely
associated with DBP independently of region, age and SES. In high risk group, refined cereals were
positively associated with DBP in Southeast Europeans, in high SES people and in participants
>45years of age, before and after BMI adjustment. Associations of all variables with DBP are shown
in Table 2, whereas associations of variables with DBP by age, region and SES are shown in Table
4.
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Table 2. Associations of dietary and physical activity indices with SBP, DBP and Existence of Hypertension in high and low risk for T2DM groups

Total
Beta (95% CI)
Variables Findrisc<12 Findrisc>12
(n=582) (n=268)
SBP DBP Existence of SBP DBP Existence of
Hypertension Hypertension
Low fat dairy (cups) 0.10* 0.10* 1.18 0.09 0.11 1.53*
(0.30-3.19) (0.20 —2.28) (0.94 - 1.48) (-0.43-3.47) (-0.16 — 2.59) (1.11-2.10)
Full fat dairy (cups) 0.04 0.06 1.19 0.06 0.07 1.44
(-0.86 — 2.43) (-0.29 — 2.08) (0.92 — 1.55) (-1.63 - 5.38) (-1.01-3.94) (0.86 —2.42)
Vegetables (cups) 0.05 0.07 1.22 0.07 0.11 1.35
(-0.65 — 3.52) (-0.18 — 2.81) (0.87 - 1.70) (-1.59 — 6.39) (0.01-5.27) (0.76 — 2.42)
Fruits (cups) 0.04 -0.08 0.66 -0.05 -0.03 0.58
(-4.05 — 1.55) (-3.77 - 0.24) (0.42 -1.04) (-6.42 — 3.06) (-4.09 — 2.60) (0.29 - 1.16)
Refined cereals (g) -0.04 -0.05 0.78 0.08 0.14 * 0.94
(-4.23 - 1.35) (-3.19-0.81) (0.48 — 1.25) (-1.20 — 7.09) (0.59 - 6.44) (0.46 —1.91)
Whole grain cereals (g) -0.07 * -0.01 0.90 -0.05 -0.03 0.83
(-2.68 — 0.10) (-1.10- 0.90) (0.72 - 1.13) (-3.20-1.22) (-1.95-1.16) (0.61-1.13)
Legumes (cups) -0.17* -0.18 * 0.24* -0.13 -0.07 0.69
(-15.98 —-6.09) (-11.58 —-4.48) (0.10-0.54) (-17.88 —-0.43) (-9.73-2.58) (0.20 - 2.40)
Red meat (g) -0.07* -0.05 1.00 -0.01 0.04 1.00
(-0.05 - 0.002) (-0.03 - 0.01) (0.99 - 1.00) (-0.04 - 0.04) (-0.02 - 0.04) (1.00 - 1.01)
White meat (g) 0.07 0.03 1.00 0.08 0.003 1.00
(-0.003 - 0.07) (-0.02 - 0.04) (0.99 - 1.01) (-0.02-0.10) (-0.04 - 0.04) (0.99 - 1.01)
Fish (g) 0.07 0.08 1.01 0.09 0.04 1.01
(-0.01-0.13) (0.00 - 0.00) (1.00 - 1.02) (-0.03-0.18) (-0.05-0.10) (0.99 - 1.02)
Salty snacks (portions) -0.02 0.01 0.89 0.06 0.03 1.82
(-4.33 — 2.56) (-2.19 - 2.75) (0.53 - 1.52) (-3.49-9.19) (-3.49 — 5.45) (0.73 - 4.57)
Sweet snacks (g) -0.02 -0.001 0.92 -0.09 -0.14 0.58
(-2.29 - 1.21) (-1.28 — 1.24) (0.69 - 1.21) (-6.58 — 1.23) (-5.56 —0.05) (0.29 - 1.13)
Nuts & seeds (g) 0.02 -0.01 1.13 -0.08 -0.06 0.89
(-1.56 — 2.65) (-1.70 - 1.32) (0.81 -1.58) (-6.18 — 1.30) (-3.97 - 1.31) (0.53 - 1.47)
Coffee (mL) 0.06 0.03 0.98 0.13 * 0.12 1.20
(-0.26 — 1.73) (-0.44 — 0.99) (0.84 —1.15) (0.07 - 3.24) (-0.06 — 2.18) (0.92 -1.57)
Soft drinks with sugar -0.004 0.01 0.98 -0.05 -0.02 1.37
(mL) (-3.68 — 3.32) (-2.13 - 2.89) (0.55-1.73) (-9.34 — 4.36) (-5.71 - 3.96) (0.49 - 3.80)
Soft drinks without sugar 0.06 0.05 1.18 0.03 0.07 1.30
(mL) (-0.36 — 4.02) (-0.57 — 2.58) (0.83-1.67) (-2.37 - 4.13) (-1.00 — 3.58) (0.82 —2.08)
Juice without sugar (mL) -0.02 -0.07 0.92 0.05 0.01 0.55
(-4.95 - 2.52) (-5.16 — 0.20) (0.51-1.69) (-3.88 - 10.14) (-4.44 — 5.45) (0.20 - 1.49)
Juice with sugar (mL) 0.07 0.04 1.04 -0.04 -0.06 0.86
(-0.10 — 8.60) (-1.36 — 4.88) (0.53 -2.07) (-11.58 — 5.88) (-9.11 - 3.20) (0.25 - 2.98)




Beer/cider (mL) 0.08 * 0.07 * 1.37* 0.09 0.08 3.01*
(-0.12 -5.29) (0.35-13.52) (0.85—2.21) (-2.00-9.01) (-1.57-6.20) (1.00 —9.07)
Wine (mL) -0.03 -0.02 0.82 -0.12* -0.15* 0.70
(-5.68 — 2.53) (-3.47-2.42) (0.42-1.61) (-16.02 — 0.20) (-12.55 - -1.11) (0.17 — 2.94)
Spirits (mL) 0.10* 0.10 * 1.98 0.16* 0.23* 2.47
(1.45-12.20) (0.88 —8.59) (0.73-5.37) (2.04 - 14.62) (3.88 —12.76) (0.70—8.73)
Moderate PA (min) -0.01 -0.01 1.00 0.02 0.02 1.01
(-0.02 - 0.02) (-0.02 - 0.01) (1.00 —1.00) (-0.03-0.05) (-0.02 - 0.03) (1.00-1.01)
Vigorous PA (min) -0.01 -0.06 1.00 0.01 0.003 1.00
(-0.02 -0.01) (-0.02 — 0.003) (1.00 —1.00) (-0.03-0.03) (-0.02 - 0.02) (0.99 —1.00)
Walking (min) -0.32 -0.01 1.00 0.09 0.07 1.00
(-0.01-0.01) (-0.01-0.01) (1.00—1.00) (-0.004 — 0.04) (-0.01-0.02) (1.00 - 1.01)
Sitting (min) 0.01 -0.001 1.02 0.04 0.02 0.96
(-0.35-0.41) (-0.28 - 0.27) (0.96 —1.09) (-0.42-0.82) (-0.36 — 0.51) (0.88 —1.05)

Bold phase presents statistical significant associations before adjustment with BMI
*: statistically significant association of the variable and also statistical significance of BMI after BMI adjustment

+: statistically significant association of the variable, after BMI adjustment
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Table 3. Associations of dietary and physical activity indices with SBP, by region, age and SES, in high and low risk for T2DM groups

Systolic Blood Pressure

Beta (95% CI)
Findrisc <12 Findrisc >12
Variables i . . -
Region Age group Education level Region Age group Education level
Central- Southeast <45 >45 0-14 >14 Central- Southeast <45 >45 0-14 >14
North Europe North Europe
Europe (n=395) (n=487) (n=95) (n=242) (n=340) Europe (n=170) (n=188) (n=80) (n=127) (n=141)
(n=187) (n=98)
Low fat dairy 0.15* -0.02 0.10* 0.16 * 0.14* 0.09 0.07 -0.10 0.12 0.02 0.09 0.09
(CUpS) (0.12-4.79) (-2.22-1.61) (0.21-3.19) (-1.90 - 9.19) (0.14 - 5.69) (-0.21-3.29) (-1.55-13.25) (-7.56 — 2.04) (-0.46 — 3.90) (-5.98-7.01) (-1.55-4.89) (-1.31-4.11)
Full fat dairy 0.11 0.000 0.06 0.003 * 0.07 -0.01 0.05 0.05 0.09 -0.10 0.09 0.11
(cups) (075-555) | (-1.94-193) | (041-325) | (452_465) | (113-405) | (243-194) | (-408-6.84) | (-320-594) | (-149-697) | (-10.79-4.76) | (-319-8.86) | (-L85-7.78)
Vegetables 0.12 -0.01 0.06 0.08 -0.01 0.09 0.03 0.07 0.09 0.02 0.14 0.05
(cups) (0.79-7.64) | (260-211) | (-052-3.73) | (-5.70-11.29) | (-4.02-325) | (0.28—-4.98) | (-5.36-7.42) | (-2.85-7.52) | (-2.20—7.86) | (-7.51-8.96) | (-1.42-10.24) | (-4.83-8.19)
Fruits -0.13 0.03 -0.02 -0.14 -0.04 -0.02 -0.02 -0.07 -0.09 0.05 0.11 0.02
(cups) (-1023-1.06) | (2.20-4.06) | (352-2.18) | (-19.02-6.88) | (-6.15-3.25) | (-4.39-2.71) | (-9.61—-7.75) | (-8.18—-3.44) | (-8.79-2.37) | (-7.69-11.74) | (-12.01-3.78) | (-7.23-5.92)
Refined -0.03 -0.02 -0.04 0.10 0.03 -0.05 -0.06 018 * 0.01 037 0.01 0.12
cereals (g) (849-526) | (355-241) | (399-158) | (-11.92-30.11) | (-3.31-6.00) | (5.39-185) | (-1353-6.76) | (037-1054) | (5:34-581) | (2.17-2033) | (801-7.37) | (-1.60-9.22)
Whole grain -0.01 0.08%* -0.06 -0.13 013 % -0.04 -0.07 0.02 -0.16 -0.08 -0.06 -0.09
cereals (g) (260-244) | (313-029) | (277-036) | (551-178) | (.474—-020) | (257-1.06) | (-385-183) | (-329-430) | (459-048) | (-7.03-3.60) | (5.01-259) | (-4.73-153)
Legumes -0.01 -0.10* 016 * -0.30 017 * -0.13* -0.08 -0.08 -0.07 -0.24 -0.02 -0.20
(CUpS) (-13.97 - 12.83) (-11.67 —- (-15.74 - - (-40.29 —-1.35) (-19.87 - - (-14.24 —- (-62.31 - (-15.33 - (-17.25 - (-33.00 — (-13.67 — (-30.13 —-
0.32) 5.34) 3.09) 1.72) 24.75) 5.15) 5.84) 0.90) 10.43) 0.55)
Red meat (g) 023% 0.02 -0.06 -0.004 -0.11 -0.06 0.05 -0.001 0.01 -0.18 -0.06 0.01
(-0.15--0.04) | (0.03-0.04) | (-005-0.01) | (-0.09-008) | (0.09-0.00) | (0.05-0.02) | (-0.10-0.15) | (-0.05-005) | (-0.05-0.05) | (-0.16-0.03) | (-0.08-0.04) | (-0.06-0.07)
White meat -0.10 0.09 0.11 -0.10 0.001 0.11 -0.09 0.17 0.13 -0.08 -0.02 0.13
(9) (-0.14-0.03) | (001-008) | (0.01-0.09) | (0.18-0.08) | (-0.06-0.06) | (0.004-0.10) | (-0.18-0.06) | (-0.01-0.14) | (-0.02-0.12) | (-0.25-0.14) | (-0.11-0.09) | (-0.03-0.15)
Fish (g) 0.23 -0.03 0.07 -0.02 0.002 0.12 0.20 -0.06 0.07 0.15 0.05 0.16
(0.10-0.47) (-0.09-0.05) | (-0.02-0.13) | (0.21-0.19) | (011-011) | (0.01-0.19) | (-0.01-0.35) | (-0.19-0.09) | (-0.08—-0.18) | (-0.09-0.37) | (-0.10-0.18) | (-0.02-0.35)
Salty snacks -0.10 0.04 -0.06 0.16 0.01 -0.09 -0.05 0.15 0.04 0.02 -0.20 0.16
(portions) (-10.87-1.80) | (-217-5.72) | (-7.78—-1.39) | (-2.85-11.28) | (-4.57-5.26) (-10.46 — (-22.91 - (-1.42 - (-5.32 - 8.54) (-20.24 — (-31.54 - - (-1.83-13.18)
0.36) 15.11) 12.97) 24.50) 0.18)
Sweet snacks -0.05 -0.06 008* 027 * 0.05 -0.04 -0.10 -0.12 -0.04 0.21 -0.003 0.16
() (340-169) | (421-094) | (371-0.10) | (130-11.01) | (203-445) | (-3.06-132) (-11.25;; - (-7.80-158) | (-5.45-3.72) | (-17.98-1.00) | (-7.92—-7.67) | (-8.78—-0.90)
Nuts & seeds -0.07 -0.01 0.03 0.09* -0.01 0.04 0.04 0.003 0.12 0.03 0.04 0.14
-4.64-1.93 -3.19-2.80 -1.40 - 2.99 485 -3.35-3.06 -1.82-4.39 -6.94 - -4.35-4.51 -8.61—0.89 -6.39 - 8.50 -3.78-6.11 -11.88-0.86
() ( ) | ( ) | ( ) | (485-10.84) | ( ) | ( ) (10 5 ( )|« ) | ( ) | ( ) | ( )
Coffee (mL) 0.02 0.08% 0.06 -0.06 0.08 0.01 0.12 0.07 0.05 0.27 % 021 0.12
(129-158) | (2.82-037) | (0.20-182) | (-394-248) | (0.64-285) | (1.11-136) | (-0.87-295) | (-1.69-4.24) | (1.17-231) | (012-928) | (0.13-4.89) | (0-61-4.17)
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Soft drinks 0.04 -0.05 0.03 -0.18 -0.01 -0.01 -0.12 -0.02 -0.06 0.10 0.08 -0.07

with sugar (-381-6.23) | (-7.91-2.48) | (-230-4.99) | (-21.94-3.12) | (-6.54-535) | (-4.68—4.17) | (-14.58-3.93) | (-11.65-9.50) | (-11.14 —5.20) (-11.87 - (-7.23-15.48) | (-14.60-5.98)

(mL) 23.91)

Soft drinks 0.04 0.01 0.07 0.10 -0.02 0.12 0.10 014 * 0.04 0.06 018 -0.08

without sugar (1.88-3.60) | (4.72-533) | (0.21-462) | (-331-841) | (525-3.77) | (0.68-568) | (-1.98-559) | (1429 066) | (254-442) | (824-1378) | (9r3_g13) | (-9.47-344)

(mL)

Juice without 0.06 -0.01 -0.01 0.05 0.02 -0.05 0.16 -0.04 0.06 0.01 -0.01 0.08

sugar (mL) (-3.82-1097) | (4.80-3.72) | (-447-3.28) | (-1041- 6.11) | (-5.28-6.91) | (-7.53—2.25) (-1.35- (-12.70 -7.13) (-4.64 — (-15.99 — (-10.66 — (-5.13-14.78)
19.03) 11.23) 16.79) 10.08)

Juice with -0.03 0.07 0.09 * -0.04 0.11 0.05 -0.01 -0.08 -0.09 -0.003 0.03 0.11

sugar (mL) (9.89-6.66) | (-1.35-878) | (gg5_1062) | (1247-895) | (132-17.33) | (-243-7.42) (1354 - (-18.76 —6.06) (-16.77 - (-19.27 - (-10.77 - (-21.66 —5.45)
12.38) 4.39) 18.79) 15.22)

Beer/cider 0.16 * 0.07 * 0.10 * -0.02 011 * 0.07 0.04 0.09 0.08 0.15 -0.14 0.12

(mL) (-0.32 -10.34) (-0.96 - 5.21) (0.55 — 6.26) (-9.03 - 7.47) (-0.94 - 9.21) (-1.05 - 5.30) (-6.78-9.18) | (-5.18-13.10) | (-3.64-9.90) | (-5.05-18.40) | (-16.36 -4.91) | (-2.47-11.71)

Wine (mL) 017 * 0.02 -0.05 -0.02 0.02 -0.08 027%* -0.09 -0.08 -0.15 0.01 0.13

(-18.61--0.70) | (377-540) | (689-177) | (-1552-1321) | (6.77-9.19) | (-8.73-101) (-35.13 - (-16.01 -5.48) (-14.86 — (-27.93 -5.83) (1259 — (-22.06 -3.68)

5.31) 4.92) 13.32)

Spirits (mL) 0.002 016 * 0.07 034* 013%* 0.10 0.17 0.08 0.08 0.23 0.13 018 *

(-14.82 - 15.31) (3.45 — 14.94) (-0.68 —10.55) (8.55 — 46.77) (0.34 — 24.00) (-0.15-11.82) | (-1.56-14.08) | (-7.29-18.30) (-4.55 - (-1.93-23.14) | (-3.93-16.93) (0.16 — 18.40)
13.54)

Moderate PA -0.02 0.04 -0.02 -0.09 0.001 -0.07 0.11 -0.02 -0.002 -0.01 0.04 -0.03

(min) (-0.05-0.04) | (-0.02-0.04) | (-0.03-002) | (-0.10-0.05) | (0.03-0.03) | (0.05-001) | (-0.03-0.10) | (-0.05-0.04) | (-0.05-0.05) | (-0.09-0.08) | (-0.04—0.07) | (-0.07—-0.05)

Vigorous PA -0.11 0.01 -0.03 0.24 -0.01 0.04 0.01 -0.06 -0.01 0.05 -0.05 0.05

(min) (0.08-0.01) | (0.01-0.02) | (-0.02-0.01) | (0.00-0.10) (-0.02-0.02) | (-0.02-0.04) | (-0.07-0.08) | (-0.05-0.03) | (-0.04-0.04) | (-0.07-0.10) | (-0.05-0.03) | (-0.04—-0.08)

Walking 0.04 0.03 -0.06 0.27 0.06 -0.06 0.01 0.19 0.18 0.12 0.17 0.07

(min) (0.02-0.03) | (0.01-0.02) | (-0.03-0.003) | (0.004-0.07) | (-0.01-0.02) | (-0.04-0.01) | (-0.03-0.03) | (0.004-0.08) | (0.01-0.05) | (-0.10-0.04) | (-0.001-0.05) | (-0.03—-0.06)

Sitting 0.01 -0.003 0.02 0.09 0.08 -0.04 0.21 -0.09 0.05 0.06 -0.03 0.03

(min) (0.69-084) | (045-043) | (-0.31-050) | (0.78-1.74) | (-0.18-1.08) | (0.72-0.31) | (0.01-1.91) | (-1.23-0.35) | (-0.47-0.99) | (-1.35-2.04) | (-1.20-0.83) | (-0.80-1.13)

Bold phase presents statistical significant associations before adjustment with BMI

*: statistically significant association of the variable and also statistical significance of BMI after BMI adjustment

+: statistically significant association of the variable, after BMI adjustment
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Table 4. Associations of dietary and physical activity indices with DBP, by region, age and SES, in high and low risk for T2DM groups

Diastolic Blood Pressure

Beta (95% CI)
Findrisc <12 Findrisc >12
Variables i . . -
Region Age group Education level Region Age group Education level
Central- Southeast <45 >45 0-14 >14 Central- Southeast <45 >45 0-14 >14
North Europe North Europe
Europe (n=395) (n=487) (n=95) (n=242) (n=340) Europe (n=170) (n=188) (n=80) (n=127) (n=141)
(n=187) (n=98)
Low fat dairy 015 * -0.01 010* 0.15* 0.15* 0.09 0.09 -0.07 0.10 0.11 0.12 0.08
(cups) (010-319) | (145-133) | (005_228) | (-140-548) | (0.12-405) | (029-222) | (-1.03-256) | (-483-207) | (0.53-2.69) | (-268-594) | (095-374) | (-L10-2.76)
Full fat dairy 0.19 0.01 0.06 0.09 0.10 * 0.03 0.03 0.08 0.07 -0.01 0.08 0.13
(cups) (041-485) | (1.23-158) | (0.45-229) | (-181-387) | (043_325) | (-1.18-195) | (-352-462) | (-159-4.98) | (-1.60-4.66) | (-5.33-499) | (-261-6.15) | (-0.82-6.03)
Vegetables 0.08 0.04 0.07 0.13 0.04 0.09 0.10 0.10 0.08 0.11 0.15 0.10
(cups) (-1.60-434) | (-1.04-2.39) | (031-287) | (245-809) | (-1.77-3.38) | (-0.21-3.56) | (-2.54-6.98) | (-1.44-6.02) | (-1.83-561) | (-2.91-8.02) | (-1.07-7.40) | (-2.03-7.24)
Fruits -0.14 -0.03 -0.08 -0.09 -0.08 -0.07 -0.07 -0.04 -0.04 0.02 -0.05 -0.04
(cups) (-7.04-092) | (2.95-1.60) | (-391-0.40) | (-1030-577) | (496-171) | (-430-0.79) | (-851—-4.42) | (-5.17-3.18) | (-5.08—3.17) | (5.97-6.93) | (-6.93—4.54) | (-5.69—3.67)
Refined -0.05 -0.02 -0.04 0.03 0.01 -0.05 -0.04 0.25 * 0.06 0.45 F 0.05 0.20*
cereals (g) (-658-311) | (261-172) | (-309-108) | (-1155-1452) | (-3.18-342) | (-389-130) | (9.05-6.08) | (167-899) | (259-565) | (335-1540) | (-412-7.06) | (0.53_8.23)
Whole grain 0.04 -0.03 -0.001 -0.01 -0.04 -0.004 -0.08 0.01 -0.12 0.01 0.02 -0.11
cereals (g) (-1.29-226) | (-1.62-087) | (-1.19-116) | (2.36-2.16) | (211-112) | (-1.35-1.25) | (-2.87-1.37) | (-2.59-2.87) | (3.35-0.39) | (-342-3.63) | (-2.45-3.07) | (-3.50-0.95)
Legumes -0.03 -0.10* 017%* 039 * -0.18* -0.13%* -0.04 -0.01 -0.06 -0.16 -0.04 -0.09
(-11.38 - 7.50) -8.31—-0.06 1128 _- 2872 _-4.57 -13.88_- 21033 —- (-38.75 - (-7.94 - 6.80) (-11.58 — (-18.28 — (-10.42 -7.09) | (-15.22 -5.83)
(cups) ( )| ( ( ) ( (
3.49) 1.99) 1.35) 26.14) 5.49) 4.20)
Red meat (g) -0.23 0.05 -0.03 -0.05 -0.03 -0.09 0.04 0.09 0.06 -0.17 0.04 0.01
(-0.10--0.00) | (0.01-0.04) | (-0.03-0.02) | (-0.06-0.04) | (-0.04—0.03) | (0.05-0.01) | (0.08-0.11) | (-0.02-0.05) | (-0.02-0.05) | (0.11-0.02) | (-0.03-0.05) | (-0.05—0.05)
White meat -0.09 0.02 0.05 -0.11 0.01 0.06 -0.07 0.06 0.06 -0.25 -0.07 0.03
o) (0.09-0.03) | (-0.03-0.04) | (001-005) | (0.12-0.05) | (0.04-005) | (-0.02-0.06) | (-0.12-0.06) | (0.03-0.07) | (0.03-0.07) | (-0.25-0.01) | (0.10-0.05) | (-0.05-0.07)
Fish (g) 0.25* -0.01 0.07 0.04 -0.07 0.20 * 0.09 -0.10 0.05 0.06 -0.01 0.12
(0.06-0.32) | (0.06-005) | (0.02-0.10) | (011-014) | (0.11-0.04) | (og5_018) | (0.08-0.18) | (-0.16-004) | (0.07-0.12) | (0.11-0.19) | (-0.11-009) | (-0.05-0.22)
Salty snacks -0.09 0.08 -0.05 0.24 0.02 -0.06 -0.19 0.11 -0.02 0.07 -0.04 0.03
(portions) (7.31-161) | (-061-513) | (519-168) | (054-822) | (3.01-396) | (-6.24—1.52) | (-24.07-4.27) | (-2.16-8.19) | (-5.69—4.56) (-10.68 — (-13.77-9.02) | (-4.59-6.10)
19.00)
Sweet snacks -0.04 -0.04 -0.04 0.24* 0.05 -0.01 -0.14 -0.15 -0.07 -0.19 -0.09 -0.16
%) (-219-140) | (260-113) | (209-0.76) | (031-633) | (150-309) | (-1.76-138) | (-9.26-256) | (-6.05-0.69) | (-4.59-218) | (-1156-1.03) | (-8.03-3.30) | (-6.20-0.69)
Nuts & seeds -0.10 -0.04 0.01 -0.05 -0.02 -0.003 -0.04 0.04 -0.12 0.03 0.05 -0.16
() (3.60-1.03) | (-3.05-1.30) | (-1.39-1.90) | (-5.89-3.83) (-2.63-1.91) | (2.28-217) | (-7.42-533) | (-242-3.95) | (-6.13-0.89) | (-429-559) | (-2.73-4.46) | (-8.95-0.12)
Coffee (mL) -0.04 008 % 0.02 0.05 0.05 -0.01 0.16 0.02 0.07 0.24 0.15 0.13
(-124-0.78) | (2.05-026) | (0.59-1.00) | (-156-242) | (-0.77-171) | (-0.97-080) | (0.44-2.40) | (-187-240) | (-0.74-184) | (-0.20-587) | (-0.49-2.97) | (-0.41-3.00)
Soft drinks 0.05 -0.03 0.02 -0.06 0.05 -0.003 -0.09 -0.01 -0.04 0.14 0.03 -0.02
with sugar (2.50-458) | (472-283) | (201-345) | (9.71-583) | (2.67-575) | (-327-3.08) | (-9.53-4.27) | (8.16-7.05) | (-7.52-456) | (-6.18-17.55) | (-7.39-9.11) | (-8.00-6.67)
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(mL)

Soft drinks 0.03 -0.002 0.06 0.01 -0.06 0.13 0.17 -0.09 0.09 0.05 0.18 % -0.04

without sugar (-1.54-2.32) (-3.72-3.58) | (-0.47-3.14) (-3.54-3.73) (-4.76 - 1.63) (0.52 -4.10) (-0.64 — 5.00) (-8.64 —2.11) (-1.10-4.04) | (-5.83-8.78) (0.01 -5.75) (-5.78 - 3.40)

(mL)

Juice without 0.02 006* -0.07 -0.03 007* -0.08 0.07 -0.03 0.02 -0.06 -0.02 0.01

sugar (mL) (-4.58 — 5.84) (-5.03 - 1.16) (-5.23-0.57) (-9.27 - 7.18) (-6.67 - 1.97) (-6.20-0.82) | (-5.02-10.17) | (-8.25-6.01) (-5.05-6.68) | (-13.71-8.04) | (-8.15-6.92) | (-6.62—7.55)

Juice with 0.004 0.01 0.06 -0.03 017 * -0.02 0.03 -0.12 -0.11 -0.01 0.04 -0.13

sugar (mL) (-5.67 - 6.00) (-3.40-3.96) | (-1.01-6.47) (-7.56 —5.72) (1.72 - 14.94) (-4.24 - 2.83) (-8.39 - (-15.21-2.64) | (-13.16 -2.47) (-13.23 - (-7.51-11.38) | (-16.42-2.87)

10.93) 12.02)

Beer/cider 0.001 012 * 0.09* -0.05 0.06 0.09* 0.12 0.10 0.04 0.20 -0.11 0.16

(mL) (-3.74-3.77) (0.30 - 4.78) (-0.10 — 4.19) (-6.09 — 4.15) (-2.27-4.92) (-0.37 - 4.18) (-3.43 - 8.46) (-3.42-9.73) (-4.02-5.99) | (-1.67-13.89) | (-10.69-4.76) | (-0.76 —9.33)

Wine (mL) -0.07 0.02 -0.03 -0.04 0.09 -0.09 -0.23 -0.14 -0.11 -0.16 -0.05 -0.15
(-8.88 - 3.75) (-2.62-4.04) | (-418-231) | (-10.02-7.80) (-2.27-9.04) | (-6.53-0.46) (-23.17 —- (-13.29-2.16) | (-11.70-2.92) | (-19.27-3.13) | (-11.18-7.64) | (-16.96 —1.36)

0.94)

Spirits (mL) 0.06 014 * 0.10 0.19 0.06 0.15%* 039 %* 0.11 0.16 0.21 0.19 029 *
(-6.90 — 14.34) (1.06 — 9.40) (0.38 - 8.80) (-2.30-21.41) | (-4.60-12.17) (1.65-10.23) | (3.56 - 15.22) (-3.80-14.60) | (-0.58-12.78) | (-1.66-14.98) | (-1.04-14.12) (4.19 - 17.16)

Moderate PA 0.004 0.02 -0.01 -0.12 -0.003 0.09* 0.08 -0.04 -0.05 -0.01 0.03 -0.06

; (-0.03-0.03) (-0.02-0.02) | (-0.02-0.02) (-0.07 - 0.03) (-0.02 - 0.02) . _ (-0.03-0.07) (-0.04 -0.03) (-0.04-0.03) | (-0.06-0.05) | (-0.03-0.05) | (-0.06-0.03)

(mm) (-0.04 -0.003)

Vigorous PA 014* -0.07 -0.01 0.26 -0.07 0.02 0.07 -0.04 0.06 -0.09 -0.04 0.05

(min) (-0.06 — 0.003) (-0.02 - (-0.02 — - (0.00-0.07) (-0.02-0.01) | (-0.02-0.02) | (-0.04-0.07) (-0.04 -0.02) (-0.02-0.04) | (-0.07-0.04) | (-0.04-0.02) | (-0.03-0.05)

0.004) 0.001)

Walking 0.03 0.04 -0.04 0.22 0.05 -0.04 0.07 0.11 0.15 -0.06 0.14 0.03

(min) (-0.01-0.02) (-0.01-0.01) | (-0.02-0.01) (00.00 — 0.04) (-0.01-0.02) | (-0.02-0.01) | (-0.01-0.03) (-0.01-0.05) (0.00-0.04) (-0.06-0.04) | (-0.01-0.03) | (-0.03-0.04)

Sitting 0.01 -0.01 -0.01 019 * 0.06 -0.05 0.13 -0.06 -0.01 0.23 -0.004 -0.06

(min) (-0.51-0.57) (-0.35-0.29) | (-0.34-0.27) (-0.20 - 1.36) (-0.26 -0.64) | (-055-0.19) | (-0.29-1.13) (-0.81-0.37) (-0.56-0.52) | (-0.23-2.02) | (-0.75-0.72) | (-0.89-0.48)

Bold phase presents statistical significant associations before adjustment with BMI

*: statistically significant association of the variable and also statistical significance of BMI after BMI adjustment

+: statistically significant association of the variable, after BMI adjustment
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Existence of Hypertension

BMI was the main independent factor positively associated with existence of hypertension in both
high and low risk group, as well as in all low risk and some of the high risk age, region and
socioeconomic status (SES) subgroup analyses. In both low and high risk group, high beer/ cider
consumption as well as BMI were the most dominant correlates of increased risk of hypertension.
After analyzing by region, age or SES, low legumes and high beer consumption was positively
associated with existence of hypertension in most of the low risk groups, but not in the high risk
group. Also, in the low risk group high consumption of nuts and increased sitting time through the
day (>45 years of age group) were also positively associated with existence of hypertension, which
was not evident in the high risk group. Respectively, in high risk groups, reduced fruits (In low SES,
low age) and white meat (in Central-north Europe), and increased beer (in >45 age), coffee (in
Central-north Europe) and salty snacks (in Southeastern Europe) consumption were also positively
associated with hypertension, after adjusting for BMI. Table 5 analytically presents associations of

variables with hypertension existence by age, region and SES.



Table 5. Associations of dietary and physical activity indices with Existence of Hypertension, by region, age and SES, in high and low risk for
T2DM groups

Existence of Hypertension

Beta (95% CI)
Findrisc <12 Findrisc >12
Variables i . . -
Region Age group Education level Region Age group Education level
Central- Southeast <45 >45 0-14 >14 Central- Southeast <45 >45 0-14 >14
North Europe North Europe
Europe (n=395) (n=487) (n=95) (n=242) (n=340) Europe (n=170) (n=188) (n=80) (n=127) (n=141)
(n=187) (n=98)

Low fat dairy 1.22 0.95 121 1.57 1.16 1.27 113 0.81 1.58* 1.83 1.32 1.56
(cups) (0.81—1.84) (0.66—1.38) | (0.94—1.56) (0.54 — 4.63) (0.75-1.79) | (0.93—1.75) 0.47-2.72) (0.39-1.67) (1.08—230) | (0.50-6.67) (0.76 —2.31) (0.98 - 2.50)

Full fat dairy 1.23 1.17 1.09 2.05 1.12 1.24 15.99 1.16 1.50 113 2.18 1.43
(cups) (0.67—2.25) (084-162) | (0.80—1.48) (0.91-4.63) (073-172) | (0.84-1.82) (1.07 - (0.61-221) | (0.79-2.87) | (0.34—3.79) | (0.78-6.05) | (0.67—3.04)

238.46)

Vegetables 1.16 1.18 1.15 594 * 1.07 1.33 0.80 1.62 1.36 0.87 2.47 0.98
(cups) (0.55-2.47) (0.78-179) | (081-165) | (1.19_2975) | (059-195) | (082-2.17) | (0.12-525) | (0.75-350) | (062-2.99) | (0.23-330) | (0.90-6.79) | (0.37-2561)

Fruits 0.32 0.89 0.64 1.22 0.56 0.75 0.07 0.65 038%* 0.69 0.21 % 0.55
(cups) (0.11-0.93) (050-156) | (0.39-106) | (0.09-17.16) | (0.25-1.26) | (0.40-1.44) | (0.003-154) | (027-156) | (014-099) | (015-323) | (go5-095) | (020-152)

Refined 0.47 0.87 0.80 0.67 0.75 0.88 0.01 2.24 1.04 41.08 0.69 1.35
cereals (g) (0.15-1.53) (049-156) | (0.48-132) | (0.02-22.94) | (0.32-1.73) | (046-1.67) | (0.00-2.16) | (0.79-6.39) | (0.45-2.42) | (0.00-0.00) | (0.15-3.13) | (0.42-4.37)

Whole grain 0.89 0.94 0.95 0.74 0.93 0.76 0.60 0.88 0.72 0.77 0.84 0.81
cereals (g) (0.58 - 1.35) (0.69-1.29) | (0.73-1.24) (0.35 - 1.56) (065-1.33) | (0.54-1.06) | (0.26-139) | (0.49-1.60) | (0.49-1.06) | (0.33-182) | (0.45-157) | (0.50-1.32)

Legumes 0.27 0.50 028 * 0.001* 0.22 033%* 7.78 1.68 0.86 0.24 4.24 0.09
(cups) (0.02 - 3.49) (0.19-1.36) | (0.11-0.69) (0.00 - 0.15) (0.05-0.89 (011-103) | (0.14-376) (0.38-7.35) | (0.14-512) | (0.02-299) | (0.50-36.14) | (0.01-0.92)

Red meat (g) 0.98 1.00 1.00 0.98 0.99 1.00 1.00 1.01 1.01 1.00 1.00 1.01
(0.97-0.99) (1.00-1.01) | (0.99-1.01) (0.96 — 1.00) (099-1.00) | (0.99-1.01) | (0.95-1.05) | (0.99-1.01) | (0.99-1.02) | (0.98-101) | (0.98-101) | (0.99-1.02)

White meat 1.00 1.00 1.01 0.98 0.99 1.01 0.88 T 1.01 1.00 0.97 F 1.00 0.99
(9) (0.99 -1.02) (099-1.01) | (0.99-1.01) (0.96 - 1.01) (099-101) | (L00-102) | (0.78—099) | (0.99-1.02) | (099-101) | (0.94-100) | (0.99-102) | (0.98-1.00)

Fish (g) 1.03 1.00 1.00 0.98 0.99 1.03 1.06 0.98 1.01 1.02 1.01 1.01
(0.99 - 1.06) (099-1.01) | (0.99-1.02) (0.94 - 1.03) (0.97-1.01) (1.01-1.04) (097-1.15) | (0.96-1.00) | (0.99-1.03) | (0.99-1.06) | (0.99-1.04) | (0.98-1.04)

Salty snacks 0.39 1.27 0.59 4.14 1.06 0.41 0.01 382 * 1.84 2.01 0.05 2.67
(portions) (0.11—-1.44) (058-279) | (026-136) | (0.85-20.24) | (0.44-254) | (013-128) | (0.01-0.94) | (102_1429) | (055-6.23) (0.03- (0.003-0.76) | (0.64—11.07)

131.51)

Sweet snacks 0.87 0.88 0.80 330 * 0.99 1.01 0.01 0.43 0.69 0.08 1.10 0.48
Q) (0.57-1.34) (055-1.40) | (056-1.12) | (09g8—11.23) | (0.53-185) | (0.69-146) | (0.00-0.88) | (0.17-1.10) | (0.29-164) | (0.01-131) | (0.20-6.00) | (0.19-122)

Nuts & seeds 0.90 1.20 1.18 17.79* 0.86 182%* 2.52 1.42 0.46 15.86 1.75 0.30
) (0.50 — 1.63) (0.72-199) | (081-172) | (197_25013) | (048-153) | (ggg_339) | (0.19-3301) | (0.77-264) | (019-1.12) (1.96 (0.71-432) | (0.09-0.99)

263.16)

Coffee (mL) 0.92 0.72 % 0.99 0.64 1.03 0.88 312 0.88 113 1.27 1.43 1.32
(0.71-1.19) (053-097) | (083-1.18) (0.34-1.22) (0.78-136) | (071-110) | (111-g78) | (0.56-139) | (0.82-156) | (0.62-257) | (0.83-2.46) | (0.90-1.94)

Soft drinks 0.89 1.06 1.10 0.85 157 0.75 2.93 2.07 1.37 2.42 3.87 1.21
with sugar (0.33-2.43) (043-264) | (057-213) | (0.07-1047) | (0.64—385) | (0.36-1.60) | (0.22-38.86) | (0.39-11.01) | (0.38—-4.97) | (0.08-69.42) | (0.48—31.09) | (0.25-5.86)




(mL)

Soft drinks 124 0.75 113 3133 * 0.75 1.62 6.52 0.70 137 137 226 T 1.23
without sugar | (©73-208) | (030-187) | (076-167) | (104_4645) | (037-151) | (0.98-2.70) | (L06-39.97) | (023-212) | (078-240) | (014-1313) | (110 4p5) | (045-341)
(mL)
Juice without 2.06 107 0.81 7.87 148 0.64 5.20 0.36 047 155 0.24 055
sugar (mL) (055-7.66) | (050-2.28) | (041-159) | (056-111.08) | (057-3.85) | (0.26—1.57) 0.22- (0.08-1.78) | (0.14-1.60) | (0.08-28.39) | (0.03-1.72) | (0.10-2.92)
124.04)
Juice with 230 0.64 140 0.05 113 1.15 5.45 0.41 0.68 0.68 368 047
sugar (mL) (0.37-14.49) | (026-160) | (0.61-325) | (000-059) | (025-5.02) | (0.47—281) | (010-9.49) | (0.06-280) | (013-3.63) | (0.01-38.24) | (0.31-44.48) | (0.05-4.16)
Beer/cider 1.50 154%* 152%* 0.63 261%* 1.15 117 3.51 1.73 4.04 0.73 5.64
(mL) (054-4.14) | (085-278) | (0.87-264) | (018-224) | (101 _678) | (0.65-206) | (023-423) | (071-1734) | (050-601) | (244-7.46) | (0.07-792) | (0.84-38.12)
Wine (mL) 028 124 0.66 164 159 0.47 0.003 0.88 171 017 35.42 047
(0.06-139) | (056-2.76) | (0.30-141) | (0.08-3350) | (0.39-6.39) | (0.20—1.14) | (000-1009) | (0.14-551) | (0.24-12.38) | (0.01-4.83) (0.83- (0.07 —3.28)
1510.45)
Spirits (mL) 0.62 242 143 593 * 1.02 2.51 6.81 3.86 324 177 465 2.00
(003-14.79) | (0.71-825) | (049-418) | (215-519) | (0.15-6:89) | (0.66—9.58) | (010-1.07) | (0.40-37.03) | (0.53-20.04) | (0.10-3125) | (0.49-4395) | (0.42-9.46)
Moderate PA 1.00 1.00 1.00 0.99 1.00 1.00 1.03 1.00 1.01 1.00 1.01 1.01
(min) (0.99-101) | (1.00-101) | (099-1.00) | (0.97-101) | (0.99-101) | (0.99—1.00) | (0.99—1.07) | (0.99-101) | (0.99-101) | (098-1.01) | (0.99-1.02) | (0.99-102)
Vigorous PA 1.00 1.00 1.00 102 1.00 1.01 1.01 1.00 1.00 1.00 1.00 1.00
(min) (0.99-101) | (1.00-100) | (0.99-1.00) | (1.00-104) | (0.99-100) | (1.01—1.02) | (0.98—1.05) | (0.99-100) | (0.99-100) | (099-1.02) | (0.99-101) | (0.99-101)
Walking 1.00 1.00 1.00 101 1.00 1.00 1.00 101 1.00 0.99 101 1.00
(min) (0.99-100) | (1.00-1.00) | (0.99-1.00) | (099-101) | (0.99-1.00) | (0.99—100) | (0.99-1.01) | (0.99-101) | (0.99-1.01) | (0.98-101) | (1.00-1.01) | (0.99-1.01)
Sitting 097 103 103 146 1.06 0.99 118 0.88 093 117 101 0.85
(min) (084-112) | (095-111) | (0.96-110) | (109-196) | (0.96-1.18) | (0.91-109) | (082-168) | (0.77-101) | (083-104) | (0.90-152) | (0.85-121) | (0.73-100)

Bold phase presents statistical significant associations before adjustment with BMI

*: statistically significant association of the variable and also statistical significance of BMI after BMI adjustment

+: statistically significant association of the variable, after BMI adjustment
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4. Discussion

The present study was conducted in 2500 non diabetic adults, with risk factors for T2DM, in order
to investigate the possible association of dietary habits and physical activity indices with blood
pressure. The most dominant findings of the study was that consumption of low fat dairies, beer and
spirits as well as BMI are positively associated with an increase in blood pressure (SBP, DBP and
existence of hypertension) in both low and high risk groups. Positive associations were also found
for coffee consumption with SBP only in the high risk group. On the other hand, legumes
consumption was the only behavior inversely associated with SBP and DBP in the low risk group.
The above findings were independent of sex, smoking and obesity.

BMI, low consumption of legumes and high consumption of beer, cider and spirits were the main
factors positively associated with SBP, DBP and existence of hypertension in low and high risk
population. To the best of our knowledge there are no studies in the literature investigating the
associations of all these variables with SBP, DBP or total existence of hypertension, in high risk
population for T2DM. However, a study conducted in a smaller sample, consisted of 131
hypertensive participants, overweight and obese with impaired blood glucose, found that a 3 —
month adoption of DASH diet led to significant decrease in SBP, DBP, glucose and insulin. Dietary
habits mentioned above could be a part of a healthy type of diet, such as the DASH diet. [65]
Moreover, it has to be mentioned that legumes consumption is more studied as part of a healthy
dietary pattern, specifically as part of the Mediterranean diet. Many studies and meta — analysis have
investigated Mediterranean diet’s beneficial effects on blood pressure. In a recent review, Shen et al.
concluded that components of Mediterranean diet (high legume consumption, moderate alcohol
consumption, mostly wine, vegetables, fruits, olive oil) are associated with reduction in blood
pressure levels. [49] Additionally, in the present study an inverse association of wine consumption
with SBP and DPB was detected, in the high risk group. As it was mentioned in the introduction,
alcohol overconsumption (esp. beer, spirits) is a burden for blood pressure, especially for men. [46]
However, red wine consumption, accompanied by a meal, might have a protective role for blood
pressure, firstly by lowering central aortic blood pressure and secondly because the increase in blood

pressure appears to be eliminated when combined with food . [47]



Analysis by region, age and education groups in both high and low risk adults might be subjected to
statistical flaws due to fragmentation of the study sample in small groups; however there are some
worth-mentioned outcomes. Legumes consumption was inversely associated with SBP and DBP in
every low risk subgroup of the analysis, except for North Europeans. The same association was
found for hypertension existence, which was independent of age and SES. Beneficial effect of
legumes consumption was not found in high risk subgroups. Positive association of beer and cider
consumption with SBP, DBP and existence of hypertension was observed in almost every low risk
subgroup, but again in North Europeans the mentioned association was only found for SBP. On the
other hand, beer and cider consumption was not associated with SBP, DBP or existence of
hypertension in any of the high risk subgroups, except for existence of hypertension in participants
in the older participants’ subgroup. As it has already been mentioned above, studies investigating
beer or legumes consumption, especially in such subgroups, are not available in the literature.
However, it is known that increased alcohol consumption is positively associated with high blood
pressure levels in general population, which might explain the reason why beer and cider
consumption are positively associated with hypertension existence in some of the low risk groups.
[46] As far as legumes consumption is concerned, their beneficial effect might be due to increased

fiber content, consumption of which is known to be inversely associated with hypertension. [32]

One outcome expected to be found, was the inverse association of physical activity (moderate,
vigorous, walking) in total sample, in both low and high risk group. Despite the expectation, none of
the mentioned physical activity and sedentary behaviors had a significant result. However, in the
subgroup of low risk participants, older than 45 years, a positive association of sitting time with
DBP and hypertension existence was found. The present findings are in accordance with in a recent
Suboc et al. which found no statistically significant reductions in blood pressure levels in the groups
following sedentary time reduction, after a 12 — week intervention in 96 pre — hypertensive and
hypertensive sedentary adults, older than 50 years. [68] Many more studies are needed in order to

investigate this issue more analytically.

Strengths & Limitations

This study has certain strengths and limitations. First of all, it is the first study investigating
associations of dietary and physical activity behaviors with hypertension in 6 different countries
across Europe. Furthermore, the large study sample, the standardized protocols and procedures

followed across all centers, and the objectively collected data (i.e. blood and anthropometric indices,
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blood pressure and physical activity level recorded via pedometers/ accelerometers) safeguard the
more objective and reliable assessment and increase the generalizability of findings. As far as the
limitations are concerned, some of the collected data were self — reported and thus prone to recall
bias and social desirability. Additionally, since the present study is cross — sectional, determination
of cause and effect relationship is impossible.

5. Conclusion

In conclusion, beer, cider, spirits, reduced legume consumption and BMI are the main factors
positively associated with SBP, DBP and hypertension existence in the low risk group. All the above
dietary habits, except for reduced legume consumption, are also positively associated with SBP,
DBP and hypertension existence in the high risk group. Future studies in in populations at high risk
for T2DM are essential in order to more accurately define the main dietary and physical activity
behaviors associated with SPB, DBP and hypertension existence and to more efficiently reduce
diabetes risk.
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