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Highlights

Effects of a 4week adaptedNordic diet on microvascular function in younger and
older adultsvereassessed

Laser Dopfer Flowmetry measutdecutaneousnicrovascular functioning
TranscuteneousxXygen monitoringneasurd skin oxygen tension

Health markers were investigated concurrently

Microvascular healtlhodyfat % andpeak heart ratduring exercisavere improved

followed the diet.
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Abstract

Objective: Microvascularbenefitsof regional diets ar@ppeaing in the literature however
little is known aboulNordic-type diets. We investigate the effects ofshortterm adapted
Nordic diet onmicrovascular functionn younger and older individualst rest and during

activity.

Research Method & Procedures. Thirteen young[Mean: 28, SD: (5)] and fifteen older
participants [Mean68, SD: (6)] consumeda modifiedNordic diet for four weeks. Laser
Doppler Howmetry and Transcutaneous oxygen monitoringssessd cutaneous
microvascular functiorand oxygen tension pre and pastervention; bood pressure, body
mass, bodyat%, ratings of perceived exertion and peak heart rate during activity were

examined concurrently

Results: Axon-mediatedvasodilation improvedn older participants[1.17 (0.30)to 1.30
(0.30);P < 0.09. Improvements in endothelialependent vasodilation were notedyoung
[1.67 (0.50)to 2.03 (0.62) P < 0.05] and older participants [1.49 (0.37) to 1.63 (0.3®%
0.05] Reduced peak heart rate during activitgs noted in older participants 0ri86.5(8.9)

to 35.3(8.5);P < 0.0 and reluced bodyfat % in youngparticipants onlyyoung = 27.2
(8.3) to 25.2 (8.8)P < 0.03. No other variables reached statistical significance however

trends were observed

Conclusions. We observed statisticallgignificant improvements in microvascular function,
peak heart rate and body owosition. Following an adaptedNordic diet might improve

microvascular health.

Keywords

Nordic Diet; Laser Doppler Flowmetry®xygen Tension
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I ntroduction

Cardiovascular diseag€VD) is the number one cause of death worldwidn 17.5 million
deaths reported in 2012 (WHO, 2016) Risk factors for developing CVD include
inflammatory diseasesuch as tye Il diabetes and hypertensj@ying, gender and lifestyle
factors such as smoking and poor nutritiffHO 2016) Endothelial dysfunction, a
pathological condition characterised by impaired vasodilatemd systemicinflammation
(Hadi et al. 2007)js a precursor oacute coronary syndromes, atherosclerasid CVD
(Deanfield et al. 2007) Endothelial dysfunction howeveappears to beeversibleand
endothelialhealth can be improved by modifying cardiovascular risk facidtadi et al.
2005). Emerging literaturehas thereforesought to investigate the effscof lifestyle
modifications as possible treatment strategiegKlonizakis et al. 2013) and detary

interventionis onelifestyle modificationthatappears to be promising (Nordman et al. 2011).

Dietary interventionshowever are difficult to susain, andfactors such ataste preferences
culinaly habits andsocial acceptabilitymight contribute topoor longterm adherence
(Poulse et al. 2015) Bere and Brug (2009ecommendha strategies tailoretb regioral

eating preferenceamight leadto better longterm successandinterestingly, dtais beginning
to suggesthat regional dietsnight offer health benefits.Indeed evidencenow siggests that
the Mediterranean diatan reduceCVD" risk (Nordmannet al. 2011), alleviate metabolic
syndrome (Kastoriniet al.2011) reduceblood pressurand enhanceeight loss(Espositoet

al. 2011).

The Nordic det is a regionaldiet thatencairagesthe consumption aNordic vegetable and

fruits as well aswhole grains,fish, rapeseed oiand lowfat dairy products. Early data

" Abbreviations: CVD, Cardiovascular Disease; NND, New Nordic Diet; LDF, Laser Doppler Flowmetry; TcP02:
Transcutaneous Oxygen monitoring; BMI, Body Mass Index; CVC, Cutaneous Vascular Conductance; RPE,
Rating of Perceived Exertion; SD, Standard Deviation; NO, Nitric Oxide; MD, Mediterranean Diet; PUFA,
Polyunsaturated Fatty Acids
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suggests that this dietight lead toreducednflammation(Kanerva et al. 201}, improved
insulin  metabolism (De Melloet al. 2011) and weight loss (Poulsen et al. 2015).
Cardiovasculahealthbenefitsof the diet are also noleginning toappearin the literature
Adamssoret al. (201) demonstratethat a 10-week intervention led tdower cholesterol
reducedblood pressurend decreaseg seruminsulin in hypercholesterolaeic participants
To date,however, ntrovasculamhealtheffects ofNordic dietshave yet to bexplored The
integrity of the microcirculation to sustain blood flood, tissue oxygenation and miutrie
delivery affets susceptibility taliseaseandappears to decline with agé&ew et al. 2010).
Identifying strategies that maintamn improvemicrovasculafunctionarethereforemportant

for sustaining londgermhealth.

The aim of this studyvas to investigate the effects of shortterm, adapted Nordic diet
(AND), modified for Britishtaste preferensg onthe microvasculaturey assessingissie

oxygenation and endothelifiinction. The circulatory systenfunctionsdifferently at rest
and during activity (Abrahamet al. 2003) and agerelated endothelial dysfunctipn
characterised bgiminishedarterial vasodilation andeducednitric oxide supply has been
observedn older adultfGates et al. 2009)We thereforecompare the effects of the diet in
younger (18-35 years old)and oldersedentaryparticipants(55-75 years old)at restand

during submaximal exercise. Weéhypothesisedthat the intervention would improve
microvascular health and endothelial function in both growpsh older participants

experiencinggreater improvements
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Material and Methods
Ethical Approval

Ethical approval for this research waianted by the Sheffield Hallam UniverssyHealth
and Wellbeing Research Ethics Committee. This research was conducted in accoitfance w

the Declaration of Helsinki.
Participants

Sixteenyoungparticipantsaged 1835 yeardM = 28(5)] and $xteenolder participantsaged
55-75 years[M = 64(6)] provided informed consentRecruitmenttook place via posters,
word of mouth andhroughthe emailing systems of Sheffield Hallam Universiiyd the
University of Sheffield. Participans' digibility was assessegdre-intervention using physical
activity and nutrition questionnaire$he long International Physical Activity Questionnaire
(IPAQ) was used to assep$ysical activity scores> 3000 MET minutes per weekould
necessitate participants’ exclusion duentmsedentarinessA validated Nordic Diet Score
(NDS) questionnairéBjgrnaraet al. 2015)was used similarlyandparticipants scoring 5
pointswould also need to be excluddgkclusion criteria also incledsmoking, pregnancy

andchronic conditionshat might affect safe participation.
Dietary I ntervention

Participants were advised adhere to Public Health England's portion gaelelines(PHE
2016) but tofollow the AND without restricting energy.During initial assessmest
paricipants were briefed aboND-compliant foodgTable 1) obtained individualised diet
plans,andprovided withmaterials (recipestc.) and food item&oot vegetables, crucifeus
vegetables, fish, rye bread aapples enough for 2 weeldo improve adherencand foster
behaviour chang@Michie et al. 2011) Participants weralsoinstructed to complete aday

diet diary pre andpost intervention(two assessmentsylata vas inputted into software
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(Nutritics, Dublin, leland) incorporating MCance and Widdowson's UK Composition of
Food Database (2015) withits databankNutritics Ltd product version 1.7, Dublin Ireland),

for dietary analysis Kcals, Total Fat, Saturated Fat, Protein, Carbohydrates, Fibre and
Omega 3 (Totaln-3) were calculated,to measuredietary changesthat mght impact
microvascular functiorfCalder et al. 2013). Follow-up consultations were conducted via
telephone ath enail at weeks one and three to foster support, apdvate social media
group wascreatedto engendesocial supporsimilarly (Michie et al. 2011 Participants
were advisedo maintain activity as indicated by thereintervention|PAQ scores no

physical activity intervention was provided.

Table 1 Nordic Foods

Vegetables Fruit Fish/Meat Grains Other
Cabbages Blueberries Game Wholegrain Dill
Cauliflower Blackcurrants Poultry breacs Parsley
Broccoli Redcurrants Cod Rye Chive
Kale Gooseberries Salmon Oats Legumes
Onions Apples Herring Barley Rapeseed oll
Swede Pears Haddock

Carrots Plums Mackerel

Beetroot Halibut

Turnip

Potatoes

Parsnips

Mushrooms

Protocol

We usedLaser Doppler Flowmetr{fi DF) and Transcutaneous OxygeroMtoring (TcP02)

to assessnicrovascular functiopre and post intervention, reflecting procedures described by
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Wasilewski, Ubara and Klonizakis (2016)aserDoppler Fowmetry wasusedto determine
cutaneous micrascular responsiveness local heaing (Tew et al 201J); Transcutaneous
Oxygen Monitoring was used tgsesgissue oxygen supplBéjwa et al 2014). To measure
LDF and TcPO02 pre and pesitervention, werequired participants to attend the laboratory
on two occasionssparated by a fouweek intervention periodand instructedthem to
abstain from caffeine prior tattendingto eliminateacutevasoconstritcon (Umemuraet al.

2006. Stature (cm)body mass (kg), body fat % and BMkg( - m?) were measured

concurrently using a segmental boeypmposition analyser (InBody 720, Derwent

Healthcare UK) andcomparedht both time points
LDF Procedure

Microvascular blood flow was measured as cutaneous red bloodlusellising a Laser
Doppler Fowmeter(Periflux system 5000, Perimed 122 ARirfalla;Sweden)yand a 7point
LDF probe (Probe 413, 123 Perimed AB¥ing proceduresutline by Tew et al. (2010)
Participants wer@acclimatedo a temperatureontrolled room(ambient temperature set2@

- 24 ° C) beforecollecting data. Rrticipants$ forearns werecleansedorior to attaching the
LDF probeto the skin on the underside of the right arm, avoiding veins and toair
circumvent abnormal readingsLocal thermal hyperaemia wagluced using a heating disk
(Model 455, PerimedB) connected to a heating urfModel 5020, Perimed AB) andDF
signals were recorded using PeriSoft software (PSW 9Baseline bloodlow data were
recorded for fiveminutes with the local heating disc s& 30°C. Temperature was then
increased1° C - 10 $%) to 42° C to induce rapid local heating, whieas thenmaintained
for 30 minutes. Ater this the probetemperaturevasincreased to 44 C for 10 minutes to
achievemaximal vasodilation. Resting blood pressure (mmHg) and heart rate (bpm) were
recordedat baseline andht every five minutesduring data collectionusing a patient

monitoring device (Dinamap Dash 2500, GE Healthcai®A). Thermal hyperaemic data
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were recordedluring the test aneixpressed asutaneous vascular conductance (CHCHour
regions (baseline, initial peak, plateau, and maximum regamgresented as raw CVéhd

CVC normalised to maximum (%CVCmax: [(CVC / maximum CVC) x 100]).

Transcutaneous Oxygen Measurement

The submaximal exercise tegiTable 2)was performedhfter the LDF procedurasing a
cycle ergometer (824E, Monark ABSweden) Heart Rate (HR) (Sports Tester, Polar;
Finland)and Raings of Perceived Exertion (RPER10scale, Borg, 1998)ere recordecht
each minuteandblood pressurénmHg)was reorded one minute into every twoinute rest
period using participars®’ contralateral armusingthe patient monitoring devic@inamap
Dash 2500, GE HealthcargSA). Oxygen tension was measuresinga calibratedTINA
TCM400tcp® device(RadiometerDK) during the test. Aemperature probeet to 44.5°C

to achieve maximakkin vasdlilatation, was attachedo the skin of theparticipants’sub-
scapula areausinga fixation ring which wasattached to participasitback approximately 10
mm below the left scapulavoiding bongand using contact solution. The solution was
allowed to heatcausing skin dilation. Dilatation of the skirfblood capillariesincreases
blood flow, causing a diffusion of oxygen through the skmo the senqgrwhich then
measure TcP02. After this, TcPO2 measurements were temperature corrected t€C3¥%
the TINA device. For the purposes of this studiicPO2 was defined as the raw oxygen

perfusionvaluesobtained directly from the TINAecordings (Table 3).



194  Table 2 Submaximal EerciseProtocol

Interval : Time (mins) Resistance (kg) Speed (RPM: Power output (Watts)
revolutions per minute

Interval 1 : 5 mins 1kg 80 RPM 80w
Rest : 2 mins - -

Interval 2: 5 mins 1.2kg 80 RPM 96W
Rest : 2 mins - -

Interval 3: 5 mins 1.4kg 80 RPM 112w
Rest : 2 mins - -

Interval 4: 5 mins 1.6kg 80 RPM 128W

195
196 Table3 TcPO2 Variables

TcPO2 Quantity Definition
Baseline The arithmetic mean of maximum TcPO2 at re
TcPO2max The greatest TcPO2 value each minute of

exercise or rest.

ATcPO2max The maximum change from baseline value e.g
TcPO2max -baseline.

ATcPO2 Average sum of change in Transcutaneous
oxygentension from baseline.

197

198  Statistical Analysis

199 Independent-tests were performed draselinephysical charateristicand dieary analysis
200 data A two-by-two mixed design Analysis of Variance (ANOVA&pmpard the effectsof
201  the AND intervention on blood pressure (systolic and diastolic), body-massfdidiypeak
202  heart rateRPE,ATcPO2, ATcPO2max, CVC, %CVCmax and diet data NDS, Kcals, Total
203 Fat, Saturated Fat, Carbohydrat€sotein, Fibre and Omega B) the older and younger
204  participantsusing SPSS (SPSS Inc., Chicagmdis, version 23 for Windows) The alpha
205 level wasset atP = 0.05 To accomplishnormality or homogeneity of variancATcPO2,

206 Body Fat % Peak Heart Ratenddietarydata(NDS, Kcals, Omega 3)ere log transformed
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prior to inferential analyss, after checking forand ensuringunderlying assumptions
Independent and dependeaamples -tests folloved up significant interations. Data are

presented as mean + SD.



211 Results

212 Participants

213  Thirteen young(18 - 35 years)andfifteen older (55 —75 years) participgts completed the
214  study fromthe sixteen young and sixteen elgparticipantsoriginally recruited equating to

215 an 82 % and 94 % completion ratearticipans’ characteristics are presented in Tahle

216  Table4 Participans’' Characteristics Pre and Post Intervention

Group A Group B

(Young) (old)

Visit 1 Visit 2 Visit 1 Visit 2
Gender 5 male, 7 male,

8 female 8 female
Age (years) 28 (5)" 64 (6)"
Resting BP (systolic) 129 (10§ 123 (9) 150 (14) 148 (19)
Resting BP (diastalic) 78 (15) 72 (8) 81(12) 79 (16)
Stature (cm) 171 (6.0) 168 (6.6)
Body Mass (kg) 69.1 (22.1) 67.4 (22.1) 81.6(16.8) 80.6 (16.7)
BMI (kg-m?) 24.3 (7.9 23.6 (7.9 30.5 6.4) 29.7 6.49)
Body Fat (%) 27.2 8.3 25.2 8.9)* 36.5(8.9) 35.3(8.5)

217 P =<0.05 between groups (at baseline),
218  *P =<0.05 between visits (within groups)
219

220 Dietary Analysis

221 BaselineKcals [young = 1615.2 (645.6), old = 2595.2 (567E8% 0.14], Total Fat [young =
222 61.29g(22.6), old = 122.0 g (56.9;= 0.03] Saturated Fdiyoung = 22.0 g (7.3), old = 38.5
223 g(13.8);P =0.027]and Fibrgyoung = 15.4 g (4.9), old = 27.7 g (4.®= 0.001] were lower
224  in the younger participan{3able §. Post intervention, only Kcals [young = 1353.0 (274.3)
225 old =2042.7 (676.QP = 0.29] and Total Fat [young45.5 g (11.6)old =87.7 g (36.5)P =

226  0.022] differed betweegroups. Between visits, NDS [young = 2.5 (0.8) to (5.7 (B4;
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241

0.01, old = 2.3 (1.2) to 5.2 (0.8p, = 0.02] increased in both groups similarlybre intake
increasedn the younger group (15.4 g (4.9) to 24.3 g (3/0% 0.05). No other dietary data

reached statistical significan¢€able 5.

Table 5 RawDietary DataPre and Post Intervention

Young Old

Pre-NND Post- NND Pre-NND Post-NND
NND Score 2.5(0.8) 5.7 (1.4) 2.3(1.2) 5.2 (0.8)
Kcals 1615.2 (645.6)  1353.0 (274.3)  2595.2 (567.3)  2042.7 (676.0)
Total Fat 61.2 (22.6) 455 (11.6) 122.0 (56.4) 87.7 (36.5)
Saturated Fat 22.0 (7.3) 13.9 (7.3) 38.5 (13.8) 22.9 (10.8)
CHO 194.8 (99.2) 163.8 (54.8) 237.3 (63.1) 207.3 (102.5)
Protein 80.7 (26.1) 81.2 (13.3) 101.3 (30.5) 92.3 (28.9)
Fibre 15.4 (4.9)' 24.3 (3.0) 27.7 (4.3) 25.1 (6.3)
Omega 3 0.5 (0.5) 0.5 (0.3) 3.4 (5.0) 2.4 (3.3)

P = <0.05 between groups (at baseline)

*P<0.05 between visits (within groups)

BMI, Body Mass, Body Fat and Blood Pressure

No differences inBMI or Body Masswere observedn either groupat any timeand no
betweergroups differenceswere notedfor body fat % pre or postintervention Only
younger participants experiencestiuctions in body fat %etween visit§27.2 8.3) to 25.2
(8.8); P = 0.028 (Table 4) Baseline systolic bloogressure appeared to be lower in the
younger participants [129 (10) vs. 150 (1B)= 0.01] however the AND had reffect on
systolic blood pressure gither group(Table 4) Further there were n@hangesn diastolic

blood pressure either groupatany time(Table 4)



242 Oxygen Tension

243  There wereno differences between the groupschianges to any of thEcPO2variables

244  measuredlespiteATcPO2 appearingo increasgost interventionk = 0.26) (Figure 1).

245 Figure 1 ATcPO2 Pre and Posntervention
50 +
40 ~
¥
€ 30 -
§— B Younger Group
o
S 20 - Older Group
'—
<
10 ~
0
Pre-NND Post-NND
246
247

248  Cutaneous Vascular Conductance

249 Basdine

250 RawCVC

251  The yunger groupexperiencedno changes toraw CVC howeverthe older group
252  experienced aimprovement duringhe 2 assessmerf0.35 (0.14) t00.42 (0.16);P = 0.02]
253 (Table 5). Baseline betweegroups differencesbserved forRaw CVC were not @sent
254  post-intervention (Table)6

255 %CVC MAX

256  There were ndlifferences between the groupsohianges t86CVC MAX in either groupat
257 any time(Table §.

258

259 Initial Peak
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Raw CVC

Postintervention, older participanexhibitedlower Raw CVC[1.71 (0.53Ws 1.30(0.30);P

= 0.01] at the initial peak compared tine young participantsdespite experiencingan
increasefrom baseling[1.17 (0.30)to 1.30 (0.30);P = 0.01] (Table §. Preintervention
betweenrgroups differences were not apparent post-intervention.

%CVCmax

No changes in % CVCmawxere observed in either group at any tiffiable §.

Plateau

Raw CVC

Both groups experienced improvements in raw CVC at vifitable 5) No betweengroups
differences were notedl thepre interventiorstagefor Raw CVGC however betweergroups
differences became apparentle postintervention periodyoung = 2.03 (0.62), old = 1.63
(0.39);P =0.03)(Table §.

%CVCmax

Improvements to $VCmaxwere experienced in the younger participants on8/4 (12.0)
t0 85.0 (10.7)P = 0.03]. Smilar to Raw CVC, ndbetweengroups differences were noted at
the pre-intervention stage but were noted at the post-intervention peiod) =85.0 (10.7),

old =77.7 (7.3)P = 0.03](Table §.
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Table 6 Cutaneous Vascular Conductance Pre and Post Intervention

Group A (younger group) Group B (older group)
Raw % CVC MAX Raw CVC % CVC
cvC MAX
Basdline
Visit 1 (preintervention)  0.33 (0.12) 12.7 (5.2) 0.35(0.14) 13.9(4.3)
Visit 2 (postintervention) 0.39 (0.11) 15.0(8.2) 0.42 (0.16)* 11.0 (7.7)
Initial Peak
Visit 1 (preintervention)  1.55(0.47)  72.7 (10.4) 1.17 (0.30) 63.0(16.1)
Visit 2 (postintervention) 1.71 (0.53)  76.0 (13.6) 1.30 (0.30)©  71.9 (10.4)
Plateau
Visit 1 (preintervention)  1.67 (0.50)  78.8 (12.0) 1.49 (0.37)  71.7 (12.1)
Visit 2 (postintervention)  2.03 (0.62)  85.0 (10.7) 1.63(0.39)  77.7(7.3)

P = <0.05 between groups

"P<0.05 between visits (within groups)

Peak Heart Rate and RPE

A reduction in peak heart rateas observedn the older grouponly [149.5 (7.9 to 146.1

(6.5); P =0.01]. No differences between the groupscbanges irRPEwere noted
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Discussion

Our study is the firstto investigate theeffects of a shosterm adaptedNordic diet
intervention on endothelialhctionand tissue oxygenatian adultsat rest and duringnild-
to-moderate exerciseThese results highlighhe shortterm effectf the diet with respecto
a number oparametersvhich define CVD isk andday+o-day functionin older and younger
individuals. Further, air findingssupport previousvork elucidatingthe effects okedentary
aging on cutaneousmicrovascular function Similar to Tew et al. (2010),our older
participantsdemonstrated lowere-interventionraw CVCduring the initialpeak and plateau
stagessuggestinggerelated vasodilation impairmeimnt response ttocal skin heating The
mechanisms underpinning tleeakenednitial peak observed in oldeadultsare not fully
understood howeveevidence suggestthat local sensory nervdysfunction diminished
noradrenergic sympathetic nerve stimulateord reduced NO synthesis migiitenuate the
rapid skin hypesemic responsein older individuals (James et al. 2006-reduced
endothelialmediatedNO synthesis is thought to explaime diminished plateauAge-related
microvascular impairmens associated with coronary everffames et al. 2006 Srategies

to improve microvascular function are clinically importémrefore

Tew et al. (2010) identified thahaintainingaerobic fithessnto advancedgemight be one
such strategy while findings elsewhere(Klonizakis et al. 2013, Klonizakis et al. 2016
suggesthat dietand exercise mighdlsoprovide longterm benefits. Our datasupports this
suggestionand highlightsencouragingenefitsof a shortterm dietary modification Oder
participantsexperienced improvemenia raw CVC atbaseling initial peak andplateau
stagessuggesting thathe AND led to improvements imxonmediatel vasodilation (during
the initial peak) andendothelialmediated NO synthesigluring the plateau) Decreasing
axonmediated vasodilation indicates microcirculataiysfunction(Nouri etal, 2012) and

increasd risk of cardiovascular events (Hadi et al.0Z). Our datahereforeprovide a
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335

preliminary indication that diet mighbe a mechanism tattenuatethis dysfunctionin an
aging population. Younger participants experienced improvements in a number of CVC
parameterssimilarly, the magnitude of which appeared to be greater than the older
individuals. While drawing comparisons witbther studiess erroneous givethe novelty

and specificity ofdietaryinterventionresearchour datareflectsthose observed elsewhere
Klonizakis et al. (2013, 2@ and Alkhatib and Klonizakis (2@) revealed thathe MD,
when coupled with exercisded to greater improvements in endotheldependent
vasodilation than an exercisaly condition inolder sedentary individuals (55 + 4 years)
Collectively, data is beginning suggesthatwholefood; nutrient-densgiets mightpromote
endothelialhealth byalsoincreasing NOsynthesis given adequateconsumption ohitrate

rich foods(Sobko et al. 2000 Indeed, gerelatedNO decline isalso assdated with CVD

risk (James et al. 20Dp6augmenting endotheli@ependent NOproductionvia dietary

modification mightmitigate such riskhowever.

The role of dietary fat in microvascular health is multifaceted: Haghmeals appear to
promote endothelial dysfunction (Esposito et al. 2007) and adaiginateefat diet might
impair endothelial vasodilmn (Keogh et al. 2005). Howeven;3 Polyunsaturated Fatty
Acids (PUFA) mightimprove endothelial health (Calder et al. 2013). While our participants
reduced saturated and total fat (trends only) intakes, neither group @ttredsPUFA
concomitantly.This was despite the AND encouraging fish consumption. Data indicates that
n-3 PUFA might activate NO synthesis and reduce oxidative stress and inflam(Zatietti

at el. 2015). It is possible therefore that substituting a proportion of satunatdmtad fat in

the diet forn-3 PUFAs might have led to superior changes to a number of microvascular
parameters we assessed. Future research might need to ensure greater figbtioorfeum

these to be realised however.
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We adopted an incrementaubmaximal exercise test such thessue oxygenationould be
assessed at rest and during activifgeduced oxygen perfusion &ssociated with aging
Freeradical mediatedendothelium-dependeiO degradationhas been demonstrated in
older adults leadng to arterial narrowing, increased blood pressure and cardiac
complications(Gates et al. 2009 We observed no fdcts of the AID on anyTcPO2
parameters, contrasting dataggestinghat shortterm green teaconsumptiommight lead to
improvedtissue perfusioffWasilewski et al. 2016) This wassurprising considering thabé
AND is a flavonoidrich dietand thatthe flavonoids foundn green tea explain its efficacy
(Wasilewskia et al. 2036 While not measuredpecifically, insufficient consumption of
flavonoid+ich foods (e.g. berries, appleand parsley might explain ourfindings Future
studies should ensure sufficient consumption of these foods for improvem@&nB0R2to be

possibleas part of alAND intervention.

We observedstatisticallysignificant reductions inbody{fat % in younger participantand
improved peak heart raten older participantsadding to existing dataevealing health
beneits of Nordictype diets(Kanervaet al. 2014). The reductions ilodyfat we observed
(young =-2%) corresponded witla weightloss trend (young =-2.5%). While the AND
might have led tothis weight loss, wecannot rule out that participating in a dietary
intervention might have prompted some participants to lose wietghitionally and thathis
weight loss nght explain some of the improvements noted. Nevertheless, owing teuch
changes being observed, and that Nordic eating appears to be associated wibediby
prevalence (Kanerva et al023), and weight los®lsewhere(Poulsenet al. 2015), dture
researchshould investigate thpotential of aNordic dietfor weightmanagemenpurposes

specifically.

The efficacy of the AND to elicit improvements microvascular functiorappeared to

greatestin younger participants, contrasting our original hypothéligs might be de to
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younger participantexperiencingarger changeto habitual eating patternga compliance

to the AND while preto-post interventionrNDS differed for both groupsa highe mean
change was observed in younger participantsis also possible that younger individuals
mightbe moreresponsive to the ANDifestyle (diet, physical activityand biological factors
(hormonal changes, etc.) are known &ad to endothelial dyshction with age older
participants might have experienceldmpened responsivenedse to such agerelated
factors However, complex interventions (diet and physical activity) have been sbhdeadt

to important longlasting improvements in microvascular function in older individuals
(Klonizakis et al. 2014). Future researalight need to account for older participants'
responsiveness to dienly intervention; complex interventions might be needed for greater

changes to be realised

Limitations of this researchincludethe lack ofobjective measure® determinecompliance
tothe AND, and the absence obntrol groug. Complianceneasurementsould be explored
in future studies; the lack of control group might make inferences aboaeffitecy of the
AND to elicit functional change to the endothelium difficult without a compardiowever,
baseline measurements wereed here for such comparisoasd it was felt thatontrol
groups were unnecessapwing to previous data highlightinghe efficacy of dietary
intervention to stimwte microvascular change in young and gidups (Wasilewski et al.
2016. The slort study durationyhich might alsobe considered a limitatiobny some was
intentional, with the view to explore the minimuwduaration after which mediusterm effects
can be idatifiable across populations. Our results have providedh indicationsand so
further studies wittalongerduration might now be explored. Finallyy additionalimitation
hereis the lack of objectivexercisebehaviour monitoringmployedoutside oftesting Such

monitoring should be implemented in futungestigations
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Conclusion

This study supportscurrent evidencehighlighting health benefitsof regional diets Our
participants who were sedentary, observed improvements in body compositioh
microvascllar function by integrating Nordioods into their diet foa 4week period There
is now aneed to investigate effects of Nordiype dietsover longer interventio periods,
particularly amongplder individuals(55+ years)who appeared to be less responso/éhe
intervention. Ayerelated endothelial dysfunctianight be a preliminary indicator of CVD
events strategiesto attenuateagerelated microvasculadeterioration therefore require

further investigation.
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