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Abstract  

Objective: To determine whether short-term adherence to the Mediterranean Diet (MD) is 

associated with improved physiological function.   

Research Methods and Procedures: This was a single-centre, cohort pilot study.  Twenty-

four healthy, sedentary younger (18-35 years) and older (55-75 years) adults took part.  

Participants were advised and supported to follow the Mediterranean diet for 4 weeks. We 

took baseline and post-intervention measurements of weight, height, waist and hip 

circumference, blood pressure, heart rate, as well as  microvascular physiological 

assessments using laser Doppler Fluximetry (LDF) at rest as well as transcutaneous oxygen 

pressure (TcPO2) during a sub-maximal exercise assessment.   

Results: We identified statistically-significant improvements in axon-mediated microvascular 

vasodilation (2.24 (±0.56) to 3.14 (±0.84), P =0.03) and endothelial-mediated NO synthesis 

(2.59 (±0.67) to 3.32 (±0.87), P =0.022) in the younger group.  Despite the intervention not 

including an exercise element, the rate of perceived exertion was reduced in both groups 

(p<0.001), after following the MD for a month.  

Conclusions: Improvements in physiological function were observed following a short-term 

dietary intervention based on the MD in a younger population. These were not matched in a 

senior group. Our findings suggest that different durations should be applied when 

designing dietary interventions in different age-groups, with expectations in physiological 

improvements differing. 

 

Keywords: Mediterranean diet, LDF, Oxygen tension, cardiovascular disease, blood pressure.  
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Introduction  

Our health is determined by many different factors (e.g., genetical, environmental and 

lifestyle-related). Nutrition is a major, modifiable factor which contributes to our health and 

disease risk. The risk of developing cardiovascular disease (CVD) increases with age, but 

approximately 50% of the adult population and 30% of children are considered at high risk 

of developing CVD [1]. Additionally, events such as the menopause (which causes a decline 

in oestrogen, which has detrimental effects on the cardiovascular system), increases the risk 

of developing CVD in post-menopausal women [2]. CVD affects more than 7 million people 

in the UK, and the cost of managing cardiovascular diseases in the UK is more than £28 

billion per year [3]. Thus, developing new methods of reducing the burden of CVD could 

have the potential to vastly increase the quality of life for many people and reduce 

healthcare costs.   

Fortunately, certain risk factors – such as our diet - are modifiable: With saturated fat and 

salt intake being the two major dietary CVD risk factors [1], it is important to consume diets 

that use less such content. The Mediterranean diet (MD) is based on increased consumption 

of olive oil, fruit, vegetables and salad, fish, legumes, wholegrain foods, moderate 

consumption of wine and limited consumption of red and processed meat, confectionary 

and dairy products [4]. Therefore, the MD contains low levels of saturated fat, salt and free-

sugar, and high unsaturated fat and fibre. This dietary composition is associated with 
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decreased build-up of fatty deposits in blood vessels [5], reducing the risk for CVD and 

associated health conditions (e.g., stroke, heart attack and atherosclerosis) [6, 7].  

Endothelial dysfunction is a major risk factor for the development of CVD and hypertension 

[3], characterised by diminished nitric oxide supply and a lack of arterial vasodilation [8] and 

strongly affected by age [7]. Endothelial dysfunction is known to be reversible; a healthier 

diet such as MD can potentially reduce  the dietary risk factors, enhancing endothelial 

function [9].   

Research shows that long-term adherence to the MD reduces the development of 

cardiovascular disease. For example, recent studies suggest a 9% reduction in overall 

mortality [10], and a reduction of cardiovascular risk factors in the elderly population in 

those following the MD, either on its own [11] or in combination with exercise [12].   

Although the benefits of MD adherence are undeniable, there are certain elements that 

need to be explored further: for example it is unknown what is the optimal duration of an 

MD regime and at which point do the cardiovascular benefits can be firstly observed. It is 

also unknown whether benefits are similar between different age groups. Such knowledge 

could help to provide a clearer structure for health practitioners to develop interventions at 

specific population- or age-groups,  providing more effective interventions.   
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We therefore conducted a study, aiming to determine the short-term effects of the MD on 

the human physiology and compare the differences in physiological effects between senior 

and younger age groups.   

We hypothesised that both groups will show improvements in microvascular, physiological 

function after the MD intervention, with effects being greater in the senior group.  

Methods  

Ethical Approval  

This study was approved by the Sheffield Hallam University Ethics Review Committee. All 

participants provided written consent to take part in the study.   

Study Design  

This was a single-centre, cohort study. Baseline measurements of physiological function 

were taken in an initial laboratory session. The subjects then followed the MD for one 

month, after which time, all measurements were repeated.   

Participants  

Twelve participants were aged 18-35, and twelve were aged 55-75. All participants were 

healthy, sedentary and not taking any form of medication that may influence cardiovascular 

function. Volunteers were recruited via posters, emails to staff and students of the 

University of Sheffield and Sheffield Hallam University, and word of mouth in Sheffield, 
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United Kingdom. All participants were screened to ensure they did not already follow the 

Mediterranean diet (e.g., consuming olive oil, fruit, vegetables and salad, fish, legumes, 

poultry meat, wholegrain foods and wine), using MEDAS, a validated Mediterranean diet 

adherence questionnaire [13]. Individuals who scored more than 6 MEDAS were considered 

to already be consuming significant elements of the Mediterranean diet on a regular basis, 

therefore they were excluded. Participants’ physical activity levels were assessed (in the 

form of Metabolic Equivalent of Task (MET)-minutes) via an International Physical Activity 

Questionnaire (IPAQ) [14] to ensure they met the sedentary requirements.   

Exclusion criteria were an active lifestyle (i.e. not sedentary defined as undertaking more 

than 60 min of structured or planned physical activity per week), habitual adherence to the 

MD, any chronic disease that could affect vascular function (such as diabetes, CVD and 

hypertension), pregnancy and smoking.  

Protocol  

Eligible participants were invited to the University of Sheffield Hallam Centre of Health and 

Wellbeing on two occasions. Participants had their height, weight, hip and waist 

circumference measured and recorded, and from this, BMI was calculated using the 

formula:  

BMI= weight (kg)/ (height (m)2).  
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MEDAS was used to measure the current adherence of participants to the MD, both prior to 

starting and at the end of the intervention. Participants also completed two 3-day estimated 

food diaries [15] one prior to beginning the diet, and one during the last week of the diet, to 

determine their adherence to the MD.  

Participants were instructed to follow the Mediterranean Diet for 4 weeks, or until their 

second appointment, depending on their availability. They were given a food "starter" pack, 

providing them with staples such as brown rice, brown pasta, lentils, olive oil, nuts, chopped 

tomatoes and tomato puree. Participants were also given instructions on how to adapt their 

current diet to the MD. We considered making swaps (such as swapping white pasta and 

rice to wholegrain varieties), to be more achievable than a complete diet overhaul. We also 

provided participants with an information booklet, guidelines on what constitutes the MD 

and a recipe booklet. A Facebook group was set up to support participants and answer any 

questions. This group provided support by regularly adding recipes and tips, and 

encouraging participants to share any experiences or problems, to create a supportive 

community-feel to the group, allowing participants to support each other throughout the 

diet.   

Transcutaneous oxygen pressure (TcPO2) and sub-maximal exercise tests  

A discontinuous sub-maximal test involving 4 rounds of exercise was completed to measure 

the participants’ transcutaneous oxygen pressure (TcPO2). Measurements were taken by 
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attaching the participants to a probe. The probe was heated to 44.5°C, to non-invasively 

cause maximal dilation of the skin capillaries. The TcPO2 values were measured and 

recorded by the sensor. Measurements were taken by the TINA TCM400 TcPO2 device, 

(Radiometer, Copenhagen, Denmark). The electrode was placed on the participants’ back, 

below the right scapula. TcPO2 readings were taken directly from the raw oxygen tension 

values, measured by the device.   

The participants were characterised as being either "healthy" or "diseased". In healthy 

participants, their initial TcPO2 readings increased during exercise, whereas diseased 

participants showed a decline in initial TcPO2 measurements during exercise [16].   

Participants cycled for 20 minutes, with a 2-minute break after each 5 minutes of exercise.  

The participants maintained a speed of 80RPM, and after each 5-minute period, an extra  

0.2kg of resistance was added to the ergometer, beginning on 1kg of resistance.  

The participants were encouraged to reach their maximum exertion limit before stopping, 

but  

could stop before the end of the test if they needed to.   

Self-perceived exertion  

During the sub-maximal exercise test, we measured the rate of perceived exertion (RPE) of 

participants at one-minute intervals whilst they were cycling [17]. The RPE scale counts from 

6-20, with 6 representing no exertion and 20 representing maximal exertion [18]. The RPE 
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scale is approximately linked to heart rate (with 6 corresponding to 60 beats/minute, and 20 

corresponding to 200 beats/minute [18].  Finally, RPE values were explained and 

participants were trained in giving them, prior to assessments.  

Laser Doppler Flowmetry (LDF)  

Laser Doppler Flowmetry (LDF) combined with local heating of the skin was used to 

determine cutaneous microvascular responsiveness providing a simple approach for 

examining the microvascular and endothelial function [19]. The tests were conducted in a 

temperature-controlled room, with an ambient temperature of 22 –24°C, as previously 

described by our group [20]. A site on the upper right forearm was chosen avoiding visible 

vein, body hair and damaged or irritated skin. This site was sterilised, then the LDF probe 

was attached to the skin. Local thermal hyperaemia was induced using a heating disc (Model 

455, Perimed AB) connected to a heating unit (Model 5020, Perimed AB) and LDF signals 

were recorded using PeriSoft for Windows 9.0 software (PSW 9.0). Throughout the LDF, the 

resting HR and BP (systolic and diastolic) were recorded from left arm at baseline and at 5-

min intervals using a patient monitoring device (Dinamap Dash 2500, GE Healthcare; USA). 

Baseline skin blood flow data was recorded for five minutes with the local heating disc 

temperature set at 32°C. Then, the temperature of the probe was increased by 1°C every 

10s until 42°C was reached to induce rapid local heating. This was maintained for 25 

minutes. After this,the temperature was quickly increased to 44°C for the final 10 minutes to 
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obtain maximal vasodilatation, which completed the test. Regions of the response were 

then recorded (Table 1). The LDF values divided by the corresponding mean arterial pressure 

to give the cutaneous vascular conductance (CVC) in APU/mm Hg. The mean arterial 

pressure was calculated from systolic and diastolic blood pressure. The data presented as 

raw CVC and CVC normalised to maximum (%CVCmax = [(CVC / maximum CVC) x 100]). The 

resting HR and BP of participants were calculated from the average of measured HR and BP 

throughout the LDF.  

Statistical analysis  

As this was a pilot study, no formal sample size was calculated and the “sample size of 12 

per group” was followed [21]. 

 Paired t-tests were undertaken to compare the effects of the MD on BMI, waist and hip 

circumference, TcPO2,  RPE, CVC, %CVC Max and MD score between the younger and senior 

groups at the same time-point. The baseline and post-intervention data were compared, 

also comparing the differences between the senior and younger group. The data recorded 

during the initial laboratory assessment, prior to the intervention, was used as the baseline 

measurements. Statistical analysis was performed using SPSS. Statistical significance for the 

test was set at P≤ 0.05. Values were presented as mean (± SD).  

Results  

Participant Characteristics  

Twelve participants aged 18-35 were eligible to take part in the study, making up the 

younger group. All participants completed all  study assessments (Table 2).  An equal 
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number of older (e.g., 55-75 years of age) participants have completed all study assessments 

(Table 2).  

Anthropometric measures  

No significant differences in BMI, waist circumference, hip circumference, heart rate or 

resting systolic or diastolic blood pressure from pre-intervention to post-intervention 

measurements in either the younger or the senior group (Table 2). There was no significant 

difference between groups in hip circumference, heart rate or diastolic blood pressure. 

However, there was a significant difference between groups in BMI, waist to hip ratio, waist 

circumference, and systolic blood pressure, with significantly lower values in the younger 

group for each measurement.   

Blood pressure, BMI and weight   

There was no significant difference between BMI post-intervention, compared to baseline, 

in either the younger group or the senior group. There was a significant difference between 

the BMI of the younger and senior groups at baseline (p<0.05), and after the intervention 

(p<0.05).   

There was also no significant difference between the younger group’s systolic or diastolic 

blood pressure. Likewise, the senior group showed no statistically significant difference 

between the baseline and end of intervention in systolic or diastolic blood pressure.  
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There was a statistically-significant difference between the pre-intervention values for 

systolic blood pressure between groups (p<0.001). However, there was no significant 

difference between the baseline values for diastolic blood pressure between the younger 

and senior groups.   

Side effects  

No participants withdrew from the study and  no side effects were reported during the 

study period.   

Compliance  

Mean MD score increased significantly in both the younger group (p<0.001) and the senior 

group (p<0.001) (Table 3). There was no significant difference in MD score between groups 

prior to the intervention, but there was a significant difference between the senior and 

younger groups MD scores at the end of the intervention, with the senior group reporting a 

higher MD score at the end of the intervention (p<0.05).   

Compliance was also calculated through 3-day estimated diet records completed by the 

participants. The main findings from the records are summarised below (Table 3), in regards 

to energy, carbohydrate, fibre, protein, total fat, saturated fat, monounsaturated fat, 

polyunsaturated fat, fruit and vegetables, olive oil. Compliance to the MD was excellent, 

with statistically significant increases in intake of fruit and vegetables, fibre and olive oil, and 
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significant decreases in saturated fat. There was however, no significant change in 

monounsaturated fat or polyunsaturated fat intake.  

Cutaneous vascular conductance (CVC)  

Baseline   

Raw CVC  

There was no statistical difference between the groups for Raw CVC baseline records at any 

visit. Raw CVC baseline readings within the groups improved but there were not significant 

in either of the two groups (Table 4).   

%CVC Max  

There was no statistical difference between the groups or changes to %CVC Max baseline 

records in either group at any time. The post-intervention %CVC Max values were 

diminished for younger groups, but elevated for senior groups (Table 4).  

Initial Peak  

Raw CVC  

There was statistically-significant improvement for Raw CVC at initial peak within our 

younger group (2.24 (±0.56) to 3.14 (±0.84), P =0.03). The senior group’s Raw CVC values 

were increased but not statistically significant. Additionally, no significant difference 

between groups was noticed at the beginning of the intervention for Raw CVC; nevertheless, 

there was a statistically significant difference between groups at the end of the intervention 
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with the senior group indicating a lower value (3.14 (±0.84) vs 2.52 (±0.59), P =0.046) (Table 

4). 

%CVC Max  

No statistical differences between the groups or changes to %CVC Max at the initial peak 

readings in either group at any time was observed (Table 4).  

Plateau  

Raw CVC  

Similarly to Raw CVC at initial peak, only the younger group had a statistically significant 

improvement for Raw CVC at plateau (e.g., 2.59 (±0.67) to 3.32 (±0.87), P =0.02). The 

increase in the senior group values did not reach statistical significance, and neither were 

the differences between groups at both visits (Table 4).  

%CVC Max  

There were no statistical differences between the groups or changes to %CVC Max plateau 

records in either group, at any time (Table 4).   

Oxygen Tension  

Baseline  

There were no statistically-significant differences between the TcPO2 values for the younger 

or senior group between the pre- and post-intervention measurements, either within- or 

between-groups.   
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ΔTcPo2  

There was also no significant difference in ΔTcPo2 for either group, between the two study 

visits. There was no significant difference between groups at either the pre- or post-

intervention measurements.   

TcPO2max  

There was no significant difference between the TcPO2max pre- and post-intervention in 

the young group or the senior group. There was also no significant difference between the 

groups, either pre- or post-intervention.   

ΔTcPo2max  

There was no significant difference in ΔTcPo2max in either group between visits, or between 

groups at either visit.   

TcPO2 profiles  

Following the categorisation by Ouedraogo and colleagues [16], we characterised 

participants as either   "healthy" or "diseased", according to their TcPO2 profiles. All 

participants in both groups were found to be “healthy” both before and after the 

intervention.  
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Rate of Perceived Exertion (RPE) and Heart Rate  

There was a statistically-significant reduction between the RPE from pre- to post-

intervention in both the younger and senior groups (Table 5). No differences were observed 

between groups at baseline, however, a statistically-significant difference was noted post-

intervention (Table 5).  

No statistically-significant differences were observed either between- or within-groups at 

any stage in regards to heart rate (Table 5).  

However, peak heart rate during exercise was significantly higher in the younger group in 

comparison to the senior group at all times (e.g., visit 1 (119 vs 96, p<0.05) and visit 2 (117 

vs 97, p<0.05) (Table 5).   

Discussion  

Our study participants reported enjoying their month following the MD  anecdotally feeling 

healthier in themselves, which is in line with previous research by our group [22].  The 3-

2day food diary reported during the intervention suggested excellent adherence to the diet 

in terms of saturated fat, fibre, fruit and vegetables, and olive oil intake. This suggests that 

the MD is an achievable diet to maintain in the long-term, which is an important pre-

requisite of any successful public health initiative.  
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Blood pressure, in-exercise heart rate and RPE 

There was no statistically significant change in systolic or diastolic blood pressure in either 

the younger or the senior group. However, there was a reduction in diastolic blood pressure 

in both groups, although significance was not reached. These findings are consistent with 

other studies, which found that MD [23] or MD-inspired diets [24] caused a reduction in 

blood pressure. These results suggest that the MD intervention could be beneficial in 

reducing hypertension risk, and in turn, risk of developing CVD.  However, some participants 

anecdotally reported "white coat syndrome" when their blood pressure was measured, 

which may suggest that any improvements in blood pressure caused by the MD were 

outweighed by increases in blood pressure due to anxiety.  This might have been greater in 

our older female participants, as higher age and the female gender are two known “white 

coat syndrome” parameters [25]. 

Our study also notes a significant reduction in RPE, between visits, in both groups, although 

no such change was observed with exercising heart rate. The significance of this finding is 

unknown, although Kakarot and Müller suggest that RPE (a psychological estimation of 

exertion) is a better estimation of exertion than heart rate (a physiological estimation of 

exertion), as RPE alters in strong positive correlation with current exertion, whereas heart 

rate continues to increase after exertion has decreased [26]. Considering that we didn't 
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offer exercise sessions as part of our intervention, it could be that the MD triggered 

additional lifestyle changes, which affected perceived exertion as well. 

 

Cutaneous microvascular function  

Our findings were consistent with previous studies interpreting the effects of sedentary 

aging on cutaneous microvascular function. Similar to Tew et al. [27], lower raw CVC of pre- 

and post- intervention during the initial peak and plateau stages were observed on the older 

participants, implying age-related vasodilation impairment in response to local skin heating. 

This is important because age-related reduction in microvascular function is associated with 

increased risk of CVD [28].  

In the present study, statistically-significant improvements were observed in Raw CVC at 

initial peak and plateau stages for younger participants, suggesting that following the MD 

leads to improvements in axon-mediated vasodilation during the initial peak and 

endothelial-mediated NO synthesis during the plateau. Decreasing axon-mediated 

vasodilation suggests microcirculatory dysfunction [29] and thus, increased risk of 

cardiovascular events [9]. Because the plateau stage is largely mediated by NO, this reveals 

that the NO levels in the younger group was statistically-significant increased. It is well 

established that maintaining NO at adequate levels can reduce risk of CVD as reduced bio-

availability of NO leads to a loss of cardio-protective actions and may even elevate the 
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progression of CVD [30]. This is consistent with previous literature in which an increase in 

endothelial function was observed following the MD [2, 12, 31]. This suggests that diet is a 

potential mechanism to improve endothelial function in the younger population. However, 

although endothelial function and axon-mediated vasodilation of older participants slightly 

increased after the MD, they were not statistically-significant, which is consistent with other 

studies [32]. 

In overall, although higher mean changes were found in senior group,  statistically-

significant improvements were only observed in the younger participants. This suggests that 

the younger population may be more responsive to the MD, and older individuals might 

have dampened responsiveness due to other age-related factors, (e.g., hormonal changes, 

lifestyle etc.) during a short-term implementation period [28, 33]. Future research may 

concentrate on comparing implementation periods for the senior population in conjunction 

with other lifestyle initiatives (e.g., smoking cessation, exercise) and assess the optimal 

duration after which significant improvements are detected.  

Transcutaneous oxygen pressure (TcPO2)  

It is well established that older adults are more susceptible to a lower oxygen perfusion than 

younger people, as blood vessels narrow, and arteries reduce elasticity due to increased risk 

of plaques causing blockages as we age [5]. This reduction in blood vessel efficacy may 

eventually be enough to cause reduced blood flow, causing hypertension. During 
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submaximal exercise, e.g. climbing stairs, carrying heavy shopping, etc. oxygen demand is 

high. Therefore, if there is a problem with TcPO2, it will become apparent during 

submaximal exercise.  No measure of TcPO2  changed significantly between pre-

intervention and post-intervention measurements in either the younger or the senior group. 

This suggests that the MD as a short-term intervention may not be beneficial for improving 

oxygen tension, which means that cardiovascular risk remained the same before and after 

the MD in the study. However, in the long-term, dietary change (alongside weight loss) has 

been shown to be successful in improving microvascular function in overweight adults, 

similar to ours [34]. This research however, found that the benefits of the MD are greater 

for individuals who are less healthy at baseline, and also that exercise is also beneficial to 

improving microvascular function [35]. This suggests that a 4-week MD intervention may not 

be long enough to improve oxygen perfusion, and ultimately reducing an individual’s risk of 

CVD, as CVD develops over a life-time.   

Experimental considerations and limitations 

All  study participants were in general good health:  this may mean that findings may be 

different in clinical or unhealthy populations. It is however, a positive first step for further 

research aiming at the general population.  We also chose to use a 3-day diet diary instead 

of the “gold standard” -e.g., the 7-day weight food diary. Our choice however, was made in 

order to reduce participants’ burden  and decrease the likelihood of drop-outs.   
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We acknowledge that additional anthropometric measurements/assessments could have 

been completed, however, as the focus of the study was on vascular function and these 

tests tend to be lengthy we decided against adding further tests, to limit patient burden. 

Finally, although participants were asked to avoid caffeine intake for 3h before the 

assessments, it was difficult to factually control whether this was actually observed or not..   

Conclusions  

In overall, we found evidence that a short-term intervention based on MD offered 

physiological benefits in a younger population. In contrast, no significant improvements 

were observed in a senior, healthy population, which was against to our original hypothesis.  

Therefore, and having in mind that an 8-week MD-based intervention improves 

microvascular function in senior healthy groups [12], further work needs to be undertaken 

to establish the optimum point at which physiological benefits can be observed by 

consuming the MD, as well as whether this can be achieved on its own or in combination of 

other intervention elements (e.g., exercise). Considering the known long-term benefits of 

the MD, it would be interesting to identify a minimum duration at which adherence to the 

MD results in benefits to cardiovascular physiology. In the long-term, the MD as a strategy 

to reduce the burden of CVD could have huge social and economic benefits to the NHS and 

social care system, as well as for individuals. Therefore, further research into a shorter-term 

MD intervention could be beneficial – as our findings suggest. There is a crucial need for 
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research into CVD reduction strategies, and the need for these findings to be promoted in 

clear public health messages.   

Declarations of Interest  

None. 

Ethical standards 

All experiments comply with the current laws of the country in which they were performed.  

References  

1. British Heart Foundation (2015) BHF Cardiovascular Disease 
Statistics.  https://www.bhf.org.uk/research/heart-statistics/cardiovascular-disease-
statistics Accessed: 30 January 2018. 
  
2. Alkhatib A, Klonizakis M (2014) Effects of exercise training and Mediterranean diet on 
vascular risk reduction in post-menopausal women. Clin Hemorheol Microcirc 57(1):33-
47. doi: 10.3233/CH-131770 
  
3. Luengo-Fernández R, Leal J, Gray A, Petersen S, Rayner M. (2006) Cost of cardiovascular 
diseases in the United Kingdom. Heart 92(10):1384-9. doi: 10.1136/hrt.2005.072173 
  
4.  Bach-Faig A, Berry EM, Lairon D, Reguant J, Trichopoulou A, Dernini S, Medina F, Battino 
M, Belahsen R, Miranda G, Serra-Majem L (2011) Mediterranean diet pyramid 
today. Science and cultural updates. Public Health Nutr 14(12A):2274-2284. doi: 
10.1017/S1368980011002515  
  
5. Townsend N, Bhatnagar P, Wilkins E, Wickramasinge K, Rayner M (2015) Cardiovascular 
Disease Statistics. British Heart Foundation, London.  
  
6. Esposito K, Ciotola M, Giugliano D (2006) Mediterranean diet, endothelial function and 
vascular inflammatory markers. Public Health Nutr 9(8A):1073-
1076. doi:10.1017/S1368980007668529 
  
7. Serra-Majem L, Roman B, Estruch R (2006) Scientific Evidence of Interventions Using the 
Mediterranean Diet: A Systematic Review. Nutr Rev 64:S27-S47. doi: 10.1111/j.1753-
4887.2006.tb00232.x 
  

https://www.bhf.org.uk/research/heart-statistics/cardiovascular-disease-statistics
https://www.bhf.org.uk/research/heart-statistics/cardiovascular-disease-statistics


23  

  

8. Deanfield JE, Halcox JP, Rabelink TJ. (2007) Endothelial function and 
dysfunction. Circulation 115(10):1285-1295. doi: 10.1161/CIRCULATIONAHA.106.652859.  
   
9. Hadi HA, Carr CS, Suwaidi JA (2005) Endothelial dysfunction: cardiovascular risk factors, 
therapy, and outcome. Vasc Health Risk Manag 1(3):183–198.  
  
10. Sofi F, Cesari F, Abbate R, Gensini GF, Casini A (2008) Adherence to Mediterranean diet 
and health status: meta-analysis. BMJ 337:1344–51. doi: 10.1136/bmj.a1344   
  
11. Roman B, Carta L, Martínez-González MA, Serra-Majem L (2008) Effectiveness of the 
Mediterranean diet in the elderly. Clin Interv Aging 3(1):97-109.  
  
12. Klonizakis M, Alkhatib A, Middleton G, Smith MF (2013) Mediterranean diet-and 
exercise-induced improvement in age-dependent vascular activity. Clin Sci 124(9):579-
587. doi: 10.1042/CS20120412  
  
13. Martínez-González M, García-Arellano A, Toledo E, Salas-Salvadó J, Buil-Cosiales P, 
Corella D, Covas M, Schröder H, Arós F, Gómez-Gracia E, Fiol M, Ruiz-Gutiérrez 
V, Lapetra J, Lamuela-Raventos R, Serra-Majem L, Pintó X, Muñoz M, Wärnberg J, Ros 
E, Estruch R (2012) A 14-Item Mediterranean Diet Assessment Tool and Obesity Indexes 
among High-Risk Subjects: The PREDIMED Trial. PLoS ONE 7(8):e43134. doi: 
10.1371/journal.pone.0043134  
  
14. Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML, Ainsworth BE, Pratt M, 
Ekelund U, Yngve A, Sallis JF, Oja P. International physical activity questionnaire: 12-country 
reliability and validity. Med Sci Sports Exerc. 2003 Aug; 35(8):1381-95. 
  
15. NutriSTEP (2017) Three day food record 
http://www.nutristep.ca/en/pdfs/Three_day_food_record.doc Accessed: 30 January 2018.  
  
16. Ouedraogo N, Feuilloy M, Mahe G, Leftheriotis G, Saumet JL, Abraham P (2011) Chest 
TcPO2 changes during constant-load treadmill walking tests in patients with 
claudication. Physiol Meas 32(2):181-194. doi: 10.1088/0967-3334/32/2/003  
  
17. Borg, G. (1970) Perceived Exertion as an indicator of somatic 
stress. Scand J Rehabil Med 2(2):92-98.  
  
18. Borg G (1982) Psychophysical bases of perceived exertion. Med Sci 
Sports Exerc 14(5):377-381.  
  
19.  Tew GA, Klonizakis M, Moss J, Ruddock AD, Saxton JM, Hodges GJ (2011) Reproducibility 
of cutaneous thermal hyperaemia assessed by laser Doppler flowmetry in young and older 
adults. Microvasc Res 81(2):177-82. doi: 10.1016/j.mvr.2010.12.001  
  
20. Wasilewski R, Ubara EO, Klonizakis M. (2016) Assessing the effects of a short-term green 
tea intervention in skin microvascular function and oxygen tension in older and younger 
adults. Microvasc Res 107:65-71. doi: 10.1016/j.mvr.2016.05.001  

http://www.nutristep.ca/en/pdfs/Three_day_food_record.doc


24  

  

   
21. Julious SA (2005) Sample size of 12 per group rule of thumb for a pilot study.  
Pharm Stat 4:287-291. doi: 10.1002/pst.185  
  
22. Middleton G, Keegan R, Smith MF, Alkhatib A, Klonizakis M (2015) Implementing a 
Mediterranean Diet Intervention into a RCT: Lessons Learned from a Non-Mediterranean 
Based Country. J Nutr Health Aging 19(10):1019-22. doi: 10.1007/s12603-015-0522-z.  
  
23. Estruch R, Martínez-González MA, Corella D, Salas-Salvadó J, Ruiz-Gutiérrez 
V, Covas María I, Fiol M, Gómez-Gracia E, López-Sabater MC, Vinyoles E, Arós F, Conde M, 
Lahoz C, Lapetra J, Sáez G, Ros E (2006) Effects of a Mediterranean-style diet on 
cardiovascular risk factors: a randomized trial. Ann Intern Med 145(1):1-11. doi: 
10.7326/0003-4819-145-1-200607040-00004  
  
24. Appel LJ, Moore TJ, Obarzanek E, Vollmer WM, Svetkey LP, Sacks FM, Bray GA, Vogt TM, 
Cutler JA, Windhauser MM, Lin PH, Karanja N, Morton D, Mccullough M, Swain J, Steele P, 
Evans MA, Miller ER, Harsha DW (1997) A clinical trial of the effects of dietary patterns on 
blood pressure. N Engl J Med 336:1117-1124. doi: 10.1056/NEJM199704173361601  
 
25. Den Hond E, Celis H, Vandenhoven G, O'Brien E, Staessen JA; THOP investigators (2003) 
Determinants of white-coat syndrome assessed by ambulatory blood pressure or self-
measured home blood pressure. Blood Press Monit 8(1):37-40. 
  
26. Kakarot N, Müller F (2014) Assessment of physical strain in younger and older subjects 
using heart rate and scalings of perceived exertion. Ergonomics 57(7):1052-1067. doi: 
10.1080/00140139.2014.910613  
  
27. Tew GA, Klonizakis M, Saxton JM (2010) Effects of ageing and fitness on skin-
 microvessel vasodilator function in humans. Eur J Appl Physiol 109(2):173–181. doi: 
10.1007/s00421-009-1342-9  
  
28. Gates PE, Strain WD, Shore AC (2009) Human endothelial function and microvascular 
ageing. Exp Physiol 94(3):311-316. doi: 10.1113/expphysiol.2008.043349  
  
29. Nouri MN, Ahmed A, Bril V, Orszag A, Ng E, Nwe P, Perkins BA (2012) Diabetic 
neuropathy and axon reflex-mediated neurogenic vasodilatation in type 1 
diabetes. PLoS One 7(4):e34807. doi: 10.1371/journal.pone.0034807  
  
30. Naseem K (2005) The role of nitric oxide in cardiovascular diseases. Mol Apects Med 
26:33–65. doi: 10.1016/j.mam.2004.09.003  
  
31. Davis CR, Hodgson JM, Woodman R, Bryan J, Wilson C, Murphy KJ (2017) A 
Mediterranean diet lowers blood pressure and improves endothelial function: results from 
the MedLey randomized intervention trial. Am J Clin Nutr 105:1305–13. doi: 
10.3945/ajcn.116.146803  
  



25  

  

32. Ambring A, Friberg P, Axelsen M, Laffrenzen M, Taskinen M, Basu S, Johansson M (2004) 
Effects of a Mediterranean-inspired diet on blood lipids, vascular function and oxidative 
stress in healthy subjects. Clin Sci 106:519–525. doi: 10.1042/CS20030315  
  
33. Rogerson D, McNeill S, Könönen H, Klonizakis M (2018) Encouraging effects of a short-
term, adapted Nordic diet intervention on skin microvascular function and skin oxygen 
tension in younger and older adults. Nutrition 49:96-101. doi: 10.1016/j.nut.2017.11.001 
  
34. Brook RD (2006) Obesity, weight loss, and vascular function. Endocrine 29(1):21–25. doi: 
10.1385/ENDO:29:1:121  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



26  

  

Table 1   

Laser Doppler Flowmetry regions of recorded responses. 

Response  Time  

Baseline  The  arithmetic mean of the last 2 min of the first 5 min. 

Initial peak  The arithmetic mean of the highest consecutive 30-s period within 

the distinct initial hyperaemic response. 

Plateau  The arithmetic mean of the last 2 min of heating at 42 °C 

Maximum  The arithmetic mean of the last 2 min of heating at 44 °C. 
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Table 2 

Participant characteristics for the younger and older groups. 

 Group A (younger group) Group B (older group) 

 Visit 1 Visit 2 Visit 1 Visit 2 

Gender 2 males, 10 females 4 males, 8 females 

Age (years) 25 (±2.57) 59 (±3.97)# 

Height (cm) 1.70 (±0.1) 1.66 (±0.1) 

Weight (kg) 66.9 (±12.8) 67.1 (±13.0) 75.3 (±14.9) 74.6 (±15.2) 

BMI (kg/m2) 23.1 (±3.2) 23.2 (±3.2) 27.3 (±4.5)# 27.1 (±4.7)# 

Waist 
circumference (cm) 

73.8 (±10.4) 73.6 (±9.7) 90.0 (±12.3)# 88.8 (±13.6)# 

Hip circumference 
(cm) 

97.5 (±7.8) 99.1 (±7.2) 103.8 (±8.3) 102.4 (±9.2) 

Resting HR  69 (± 9.6) 72 (±13.2) 61 (± 7.6) 62 (±8.1)# 

Waist to hip ratio 0.76 (±0.04) 0.74 (±0.05) 0.87(±0.04)# 0.87(±0.05)# 

Resting BP (mmHg) 108 (±8.5) 109 (±6.7) 126 (±10.3)# 126 (±13.6)# 

Resting diastolic BP 
(mmHg) 

68 (±6.8) 68 (±4.9) 76 (±10.4)# 77 (±10.7)# 

#P≤0.05 between groups (at the same time-point). 

HR: heart rate; BP: blood pressure. 
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Table 3.  

Compliance to MD calculated from the 3-day diet diaries. 

*P≤0.05 between visits (within groups). #P≤0.05 between groups (at the same time-point). 

§Serving based on 13g estimate (1 tablespoon of olive oil). §§Serving based on 80g estimate 

(1 portion of 5-a-day).   

CHO: carbohydrates; MUFA: monounsaturated fatty acid; PUFA: Polyunsaturated fatty acid.  

 

 

 

 Visit 1 Visit 2 Mean 

change 

Visit 1 Visit 2 Mean 

change 

MD score  4 (±1.5)*  11 (±1.1)  +7  4 (±0.9)*  12 (±1.0)#  +8  

Energy/nutrient              

Total energy 

(kcal/day)  

2088  

(±590)  

1868  

(±517)  
-220  

1821  

(±500)  

1533  

(±342)  
-288  

CHO (g/day)  221 (±54)  199 (±53)  -22  190 (±70)  
145  

(±41)#*  
-45  

Fibre (g/day)  20.8  

(±5.8)  

26.8  

(±6.7)*  

+6.0  18.5  

(±6.5)  

22.7 

(±6.8)*  

+4.2  

Protein (g/day)  83.0  

(±36.5)  

82.3  

(±31.3)  

-0.7  63.8  

(±21.5)  

68.8  

(±16.4)  

+5.0  

Fat (g/day)  88 (±33)  74 (±29)*  -14  79 (±29)  66 (±19)  -13  

Saturated fat 

(g/day)  

30.7  

(±13.1)  

20.0 

(±11.7)*  

-11  31.3  

(±14.7)  

18.1 

(±5.7)*  

-13.2  

MUFA (g/day)  
30.3  

(±12.4)  

32.0  

(±11.5)  
+1.7  

28.6  

(±12.0)  

29.3  

(±7.9)  
+0.7  

PUFA (g/day)  
13.4  

(±5.4)  

14.9  

(±6.4)  
+1.5  

12.1  

(±4.4)  

11.9  

(±6.4)  
-0.2  

Food items              

Olive oil  

(serving/day)§  
0.2 (±0.3)  1.8 (±1.2)*  +1.6  0.1 (±0.5)  1.7 (±1.2)*  +1.6  

Fruit and 

vegetable 

(serving/day)§§  

3.6 (±1.0)  5.5 (±1.7)*  +1.9  4.7 (±4.3)  7.7 (±3.5)*  +3.0  
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 Table 4 

Cutaneous vascular conductance data for the younger and senior groups.  

 

  

  

Group A (younger group)  Group B (senior group)  

Raw CVC  %CVC Max  Raw CVC  %CVC Max  

Baseline  

Visit 1 (pre)  

  

0.19 (±0.09)  

  

6.64 (±3.65)  

  

0.23 (±0.12)  

  

8.06 (±4.84)  

Visit 2 (post)  0.24 (±0.13)  6.03 (±4.25)  0.32 (±0.22)  10.4 (±11.4)  

Change (post-pre)  0.05 (±0.15)  -0.62 (±5.66)  0.08 (±0.25)  2.32 (±11.4)  

Initial peak  

Visit 1 (pre)  

  

2.24 (±0.56)  

  

77.9 (±20.4)  

  

2.09 (±0.57)  

  

72.1 (±15.8)  

Visit 2 (post)  3.14 (±0.84)*  74.6 (±16.0)  2.52 (±0.59)#  74.3 (±16.5)  

Change (post-pre)  0.90 (±0.83)  -3.28 (±11.3)  0.43 (±0.86)  2.18 (±24.4)  

Plateau  

Visit 1 (pre)  

  

2.59 (±0.67)  

  

89.5 (±21.1)  

  

2.45 (±0.66)  

  

84.8 (±18.3)  

Visit 2 (post)  3.32 (±0.87)*  78.4 (±11.7)  2.98 (±1.04)  84.2 (±10.7)  

Change (post-pre)  0.73 (±0.95)  -11.1 (±30.0)  0.53 (±1.11)  -0.60 (±20.0)  
*P≤0.05 between visits (within groups).  #P≤0.05 between groups (at the same time-point).  

CVC: cutaneous vascular conductance 
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Table 5.  

Sub-maximal exercise data comparing physiological function between visits and  between 

groups.   

  Younger  

group  

P value   

(between   

visits)   

Senior 

group  

P value  

(between  

visits)  

P value  

(between 

groups)  

Baseline TcPO2 (mm Hg)  

Visit 1  

  

Visit 2  

  

73.1 (20.1)  

  

70.8 (12.4)  

  

  

0.788  

  

66.4 (14.7)  

  

66.7 (7.0)  

  

  

0.965  

  

0.363  

  

0.320  

TcPO2max (mm Hg)  

Visit 1   

  

87.6 (27.0)  

  

  

  

0.767  

  

77.8 (13.5)  

  

  

  

0.744  

  

0.271  

  

Visit 2  84.6 (12.1)  

  

 79.4 (7.5)   0.220  

ΔTcPo2 (mm Hg)  

Visit 1  

  

Visit 2  

  

  

7.7 (3.8)  

  

9.1 (4.6)  

  

  

0.427  

   

6.2 (4.5)  

   

7.1 (9.6)  

  

  

  

0.801  

  

0.381  

  

0.518  

ΔTcPo2max (mm Hg)  

Visit 1  

  

Visit2  

  

  

14.5 (9.1)  

  

13.8 (5.3)  

  

  

0.736  

  

11.3 (4.3)  

  

12.8 (7.9)  

  

  

0.569  

  

0.287  

  

0.699  

Mean exercise HR 

(beats/min) Visit 1  

  

Visit 2  

  

119 (16)  

  

117 (10)  

  

  

0.766  

  

96 (20)  

  

97 (20)  

  

  

0.674  

  

0.013†  

  

0.047†  

RPE (exertion)  

Visit 1  

  

Visit 2  

  

12.3 (1.9)  

  

11.8 (1.6)  

  

  

<0.001**  

  

  

11.8 (1.6)  

  

10.6 (1.6)  

  

  

<0.001**  

  

0.181  

  

0.018†  

TPcO2 profile 

characterisation Visit 1  

Visit 2  

  

12 healthy  

  

12 healthy  

  

1.0  

  

1.0  

  

12 healthy  

  

12 healthy  

  

1.0  

  

1.0  

  

1.0  

  

1.0  

*p<0.05 between visits (within groups), **p<0.001 between visits (within groups), † p<0.05 
between groups (at the same visit).  

TPcO2: Transcutaneous oxygen pressure. 


