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[bookmark: _Toc428179436][bookmark: _Toc430680378]Specific field and related marker: Nutritional epidemiology – vitamin C intake determined by food frequency questionnaire

	Criteria to evaluate markers
	Comments

	1. Analytical aspects
1. Method should be validated according to recognised guidelines. 
1. This should include for example: robustness, appropriate analytical sensitivity and specificity, reproducibility, accuracy, quality assurance, standardisation, traceability, stability (quality of the sample), analytical variation, biological variation. (These guidelines can be specific per marker; it applies equally well to biological markers, imaging, questionnaires, etc.)
	Food frequency questionnaires (FFQs) are designed to assess habitual diet by asking about the frequency with which food items or specific food groups are consumed over a reference period (e.g. 6 months or a year). FFQs may be based on an extensive list of food items or a relatively short list of specific foods. The foods listed should be a) major sources of a group of nutrients of particular interest or b) foods which contribute to the variability in intake between individuals in the population, and c) commonly consumed in the study population. The number of foods listed can frequently range from about 20 to 200. Questionnaires can be self-administered using paper or web-based formats, or interviewer administered, either face-to-face or by telephone. The frequency of food consumption is assessed by a multiple response grid in which respondents are asked to estimate how often a particular food or beverage is consumed. Categories ranging from ‘never’ or ‘less than once a month’ to ‘6+ per day’ are used and participants have to choose one of these options. If nutrient intakes are to be estimated from FFQs, as for the vitamin C example here, an ‘average’ portion size is ascribed, and frequencies used to calculate a usual daily intake of each food. Then, using food composition databases (e.g. McCance and Widdowson’s The Composition of Foods), which contain the nutrient composition of a range of foods, intake of the nutrient, in this example, vitamin C can be calculated. The analysis of FFQs can be undertaken using specialist nutritional software linked to these food composition databases. 

FFQs have been used widely in epidemiological studies investigating links between diet and disease. For this purpose it is more important to rank the intake of individuals relative to others in the population (e.g. high, medium, or low intake) or as quantiles (e.g. fifths of the distribution of intake) than to determine the absolute intake. Two well-known FFQs are the Harvard or Willett questionnaire(1) and the Block questionnaire(2). These are both American FFQs – the most widely used in the UK is the European Prospective Investigation of Cancer (EPIC)-Norfolk FFQ(3). Since FFQs are often designed to assess the ranking of intakes within a population, they cannot be assumed to produce reliable estimates of absolute intake. Over-estimation is common, particularly for foods eaten less often or for foods perceived as 'healthy', such as fruit and vegetables. There is some evidence that over-estimation increases with the length of the food list (4). Realisation of the error associated with dietary intake measures has led to a host of validation studies, which are normally sub-samples of larger cohorts, where dietary intake tools are correlated either with other dietary assessment methods which are considered more methodologically sound (e.g. weighed intakes or food diaries) or with biomarkers so that errors can be assessed and accounted for (e.g. (Brunner et al., 2001(5); McKeown et al., 2001(6)). For the EPIC-Norfolk FFQ, and specifically in terms of vitamin C, comparison of estimated vitamin C intake (expressed as mg/d) with plasma vitamin C concentration (expressed as µmol/l) showed that the two were weakly associated (r=0.28)(7). In a separate validation that also included weighed records (i.e. food consumed), similar associations were observed (r=0.21-0.35)(8)). Guidelines on the development of new FFQs, the adaptation of previously used FFQs and on designing and interpreting validation studies exist(9).

	1. Reflect/mark an endpoint
1. Significant association between marker and endpoint in a target population 
1. Marker changes consistently with a change in the endpoint
	The associations observed between estimated vitamin C intake (using the EPIC Norfolk FFQ) and plasma vitamin C status are described above.
As FFQs are completed retrospectively and ask about usual intake in the last six months to one year, they will be relatively insensitive to short-term dietary change, and, for interventions where a change in vitamin C is expected, a more robust method of assessing dietary vitamin C intake, e.g. 7 day food diary, and/or measurement of plasma vitamin C, would be more sensitive.

Although not directly relevant to interventions, the impact of the use of different dietary assessment methods on associations with disease risk was studied in a subset of the EPIC cohort, examining 12,474 men and women aged 35-75 y from the Norfolk centre in the UK(10). FFQs were collected alongside a 7 day food diary and, when these intake measures were correlated with a number of biomarkers, the diary provided a better indication of intake than the FFQ. Additionally, the risk of ischemic heart disease (IHD) was inversely associated with plasma vitamin C and intake of vitamin C as assessed by the 7 day food diary but not by FFQ(10). Such observations reveal the weakness of using a FFQ alone to measure dietary intake.

	1. 
Must respond to a dietary intervention 
1. What is considered as a normal range for healthy people (might vary for different applications e.g. epidemiological studies vs. individual level)
1. Any dietary intervention should induce a meaningful change in the marker (meaningful refers to 2.ii )
1. Lifestyle changes (which may include changes in the diet) may also include a meaningful (meaningful refers to 2.ii ) change in the marker
	i A FFQ is used to rank individuals according to intake rather than provide absolute levels of intake (see section 1), therefore normal ranges of vitamin C intake from a FFQ are not reliable.

ii The sensitivity of a FFQ to pick up a change in intake of vitamin C is described above (section 2).

iii Vitamin C intake will differ by socioeconomic status (Novakovic et al., 2014). Smoking and body mass index may also affect vitamin C absorption and metabolism and therefore status(11). Such factors should be considered when validating any FFQ.


	Remarks for the discussion
1. Are there experimental data were the intervention has not resulted in a significant change?
1. What were expected changes in the power calculations of clinical trials?
1. others
	See section 2; FFQs are insensitive to pick up dietary change and are not a suitable tool.

	Conclusions

	FFQs are dietary assessment tools capable of ranking individuals in terms of vitamin C intake, but are not appropriate for measuring absolute vitamin C intake and may not be sensitive enough to monitor changes in vitamin C intake over the course of a dietary intervention.


[bookmark: _Toc394327297][bookmark: _Toc405381549][bookmark: _Toc428179437][bookmark: _Toc430680379]Specific field and related marker: Nutritional epidemiology – serum/plasma vitamin B12 as a status marker

	Criteria Identified at the workshop
	Comments

	1. Analytical aspects
1. Method should be validated according to recognised guidelines. 
1. This should include for example: robustness, appropriate analytical sensitivity and specificity, reproducibility accuracy, quality assurance, standardization, traceability, stability (quality of the sample). These guidelines can be specific per marker, it apply equally well to biological markers, imaging, questionnaires, etc.


	Although serum (or plasma) vitamin B12 concentration is the most frequently used biomarker of vitamin B12 status and for screening for vitamin B12 deficiency, it is generally accepted that it does not necessarily reflect bodily vitamin B12 status(12). This is because serum concentration may be maintained whilst stores become increasingly depleted. 
Microbial and photochemical assays have been used to determine vitamin B12 concentration in the past. Nowadays different analytical techniques have been proposed to measure vitamin B12 concentration for both clinical practice and nutritional/pharmacological studies/investigations. These tests refer to electroluminescence, inductively-coupled plasma (ICP) - mass spectrometry (MS) (ICP-MS), atomic absorption spectroscopy, radioimmunoassay, radio dilution assays using pure intrinsic factor as the binding protein and high-performance liquid chromatography (HPLC). Each of these tests has advantages and disadvantages(13). Recently the sensitivity and specificity of the different assays has been discussed(14-16). It is clear that the current assays are characterised by both false negative and false positive values (occurring in up to 50% of tests) when using the laboratory-reported lower limit of the normal range as a cut-off point for deficiency(16). The high number of both false negative and false positive results could be explained by the fact that only 20% of the total measured vitamin B12 is carried on the cellular delivery protein, transcobalamin. In clinical settings, the majority of the laboratories use automated assays of vitamin B12 on platforms, also used for many other analytes. Comparison studies have shown that there is often poor agreement when samples are assayed by different laboratories or with the use of different methods(16). The reason of this poor agreement is that intrinsic factor is used as the assay-binding protein, therefore anti–intrinsic factor antibodies need to be removed chemically from the sample and this seems to be problematic in the automated assays(16). As mentioned before, serum vitamin B12 concentrations are directly altered by the concentrations of the binding proteins. Multiple groups have published on the limitations of serum vitamin B12 measurements(17-22). 

	1. Reflect/mark an endpoint
1. Significant association between marker and endpoint in a target population 
1. Marker changes consistently with a change in the endpoint 

	Serum/plasma total vitamin B12 concentrations are the most widely used biomarker of vitamin B12 status, but there is currently discussion regarding cut-off values for deficiency. Cut-off values that are currently used are: < 150 pmol/L (< 200 pg/mL) for deficiency, and 150–221 pmol/L (200–300 pg/mL) for depletion(23).

Due to the high number of false positive and false negative values, serum vitamin B12 concentration does not reliably identify deficiency. Based on observational studies, there is evidence to suggest that low vitamin B12 status is associated with an increased risk of chronic diseases of ageing including CVD, dementia, cognitive impairment and osteoporosis and that optimal vitamin B12 status is important for healthy ageing but there is no confirmation from randomized clinical trials(24).


	1. Must respond to a dietary intervention 
1. Any dietary intervention should induce a meaningful change in the marker (meaningful refers to 2.ii )
1. Lifestyle changes (which may include changes in the diet) may also include a meaningful (meaningful refers to 2.ii) change in the marker
	A systematic review(25) confirmed that serum/plasma total vitamin B12 increased significantly in response to intervention with both low and pharmacological doses of vitamin B12 over supplementation periods of at least four weeks, in individuals with low/borderline status. However, it was noted that the response varied considerably between studies. Elderly individuals (> 70 years) and other adults were the only age groups where sufficient data were available to claim that serum/plasma total B12 accurately reflects a change in intake. According to Hoey et al.(25), only one study was conducted in children and adolescents and therefore the authors decided that there is insufficient data to decide on the usefulness of the biomarker.

	Conclusions
	Serum/plasma vitamin B12 concentration is a marker for vitamin B12 status. Cut-off values for deficiency are described but serum/plasma vitamin B12 measurement may not reliably detect deficiency mainly because of technical issues with the assays. Serum/plasma vitamin B12 concentration increases with increased intake in persons starting with low status.
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[bookmark: _Toc428179438][bookmark: _Toc430680380]Specific field and related marker: Immune function – use of response to vaccination as a marker of immune competence

	Criteria to evaluate markers
	Comments

	1) Analytical aspects
i. Method should be validated according to recognised guidelines. 
ii. This should include for example: robustness, appropriate analytical sensitivity and specificity, reproducibility, accuracy, quality assurance, standardisation, traceability, stability (quality of the sample), analytical variation, biological variation (these guidelines can be specific per marker; it applies equally well to biological markers, imaging, questionnaires, etc.)
	Vaccination is a means of exposing the immune system to one or more antigens in a standardised and controlled manner. In response to vaccination, the host mounts an immune reaction that culminates in the production of anti-vaccine antibodies. The use of vaccination in an experimental setting (e.g. in a study of a nutritional intervention) involves vaccinating a participant (usually intramuscularly) with a commercial clinically used vaccine (e.g. influenza, tetanus, pneumococcus,) and obtaining blood samples at specific time points thereafter. Anti-vaccine antibodies are measured in serum or plasma prepared from the blood(26). The serum/plasma needs to be stored frozen (minus 80°C) until antibodies are measured. Accredited laboratories can be used to measure responses to some vaccines (e.g. WHO accredited laboratories for anti-influenza vaccine antibodies). Such laboratories use validated methodology that is recognised by WHO and other authorities. This may not be the case for all anti-vaccine antibody measurements. Where there is an accredited laboratory many of the analytical aspects are of the highest quality. For some vaccines there are definitions of seroprotection and seroconversion, although these definitions can differ between countries. Seroprotection means that the individual has a high probability of being protected and it is defined as having an antibody titre (level) above a particular threshold. For seasonal influenza vaccination, seroprotection is defined as having an antibody level of 40 haemagglutination units/ml or higher, while for diphtheria and tetanus it is defined as having an antibody level of 0.1 IU/ml or higher. Seroconversion is commonly defined as having at least a 4-fold increase in antibody levels following vaccination. Discussions of the relation between seroprotection, seroconversion and clinical protection may be found in the literature(27). Note that an individual can show seroconversion but still not be seroprotected and that, conversely, reaching the threshold for seroprotection may require less than a 4-fold increase in antibody levels (i.e. may not require seroconversion). Within a population there is substantial variation in the antibody response to many vaccines. The tables below show unpublished data (AL Lomax & PC Calder) from a study of 43 healthy humans aged 40 to 65 years vaccinated with the 2008/2009 seasonal influenza vaccine. The data are based upon serum antibody titres 4 weeks post-vaccination. The seasonal influenza vaccine contains subunits of three different viral strains so that three separate antibody responses are measured.
 








Table S1. Percentage of subjects who seroconverted and became seroprotected from a study of 43 healthy humans aged 40 to 65 years vaccinated with the 2008/2009 seasonal influenza vaccine (unpublished data)
	Viral antigen type
	% of subjects who seroconverted
	% of subjects who became seroprotected
	Antibody tite (IU/mL)

	
	
	
	Lowest
	Median
	Highest

	HAH1
	79.1
	72.1
	5
	80
	15360

	HAH3
	79.1
	81.4
	5
	320
	20480

	HAB
	59.1
	60.4
	5
	60
	960



	% who seroprotected
	
	% who seroconverted

	To none of the viral antigens
	To only one of the viral antigens
	To any two of the viral antigens
	To all three of the viral antigens
	
	To none of the viral antigens
	To only one of the viral antigens
	To any two of the viral antigens
	To all three of the viral antigens

	4.7
	18.6
	34.9
	41.9
	
	2.3
	20.9
	34.8
	41.9



These data show large variations in antibody response between individuals (i.e. within a population) and also that there is variation in response to several antigens administered together within an individual. The ability of vaccinations to initiate a robust host immune response, and so to produce clinical protection, is recognised to be poorer in the elderly (see below), the frail, the malnourished and those with certain chronic diseases. 
For clinical protection against some diseases the same vaccine can be used unchanged over many years. However because of the rapid mutation rate of seasonal influenza viruses, the exact make-up of the seasonal influenza vaccine changes from year to year. The three stains that have been used in the vaccine over the years may be found on many websites (e.g. http://www.who.int/influenza/vaccines/virus/recommendations/en/). Some vaccinations (e.g. polio) give life-long protection, others (e.g. tetanus) give shorter protection.
For a primary antibody response, the subject cannot have received the same vaccine previously. Administration of a vaccine to a person who has received it already can induce a secondary antibody response, which may be different in kinetics and vigour from the primary response. 
Responses to vaccination may be modified by many factors including age and health status. For example, the success of seasonal influenza vaccine is much less in people aged over 65 years than in middle aged adults(28,29). For example, Goodwin et al. (2006)(29) noted that in young healthy adults the seasonal influenza vaccine provides a protective clinical efficacy in 70 to 90% of cases, which is reduced to only 17 to 53% in elderly individuals. This reflects a general decline in cell-mediated immunity that occurs, to varying extents, with ageing; this is termed immunosenescence(30,31). 


	2) Reflect/mark an endpoint
i. Significant association between marker and endpoint in a target population 
ii. Marker changes consistently with a change in the endpoint
	The production of antibodies in response to vaccination represents an integrated read-out of the immune response – it will have required the activity of antigen processing and presenting cells, T cells and B cells. It is considered to be superior to any individual laboratory-based immune marker(32,33) and is one of the few immune biomarkers considered to be of high value in human nutrition studies.
Response to vaccination can be defined by seroprotection and seroconversion (described in the previous section) and is considered to be related to clinical outcome (i.e. protection from the infective agent), although this can be poorly defined. For seasonal influenza vaccination seroprotection and seroconversion thresholds are defined by WHO (see previous section) – in clinical practice these are often not met (e.g. in the elderly) but neither the clinician nor the patient is aware of this. Such a failure may allow susceptibility to the infectious agent, so in this sense a poor response can increase risk of poor clinical outcome (i.e. infection and its severity) while a good response can decrease risk of poor clinical outcome (i.e. infection and its severity).

	3) 
Must respond to a dietary intervention 
i. Any dietary intervention should induce a meaningful change in the marker (meaningful refers to 2.ii )
ii. Lifestyle changes (which may include changes in the diet) may also include a meaningful (meaningful refers to 2.ii ) change in the marker
	Response to vaccination may be used in epidemiology studies to investigate the association between the immune response and a future clinical outcome (prospective study) or between the intake of foods or nutrients and the immune response (cross-sectional study) or in intervention trials of dietary or nutrient modifications. The response to vaccination, based upon antibody titres measured at an appropriate time point after vaccination, may be represented in several different ways: antibody titre concentrations; change in antibody titre concentrations from the pre-vaccinated state; fold change in antibody titre concentrations from the pre-vaccinated state; % of individuals seroprotected; % of individuals seroconverted; % of individuals seroconverted and seroprotected (see previous section). Each of these may be a valid marker of immune response, although the clinical meaning of the outcomes may be different. For example, in a controlled trial it is possible that no subjects seroconvert or become seroprotected but that there is still a statistically significant effect of an intervention on antibody titres compared with a control group. Conversely, it is possible that all subjects in a study seroconvert and become seroprotected but that there is still a statistically significant effect of an intervention on antibody titres compared with a control group. In both of these scenarios it might be interpreted that there is an improvement in immune response, although the clinical meaning of this improvement may be different.

Some studies have shown improved response to vaccination with a dietary intervention, while others have not. Studies involving prebiotics and response to vaccination were included in the review by Lomax and Calder (2009)(34), while studies of probiotics were reviewed by Lomax and Calder (2009)(35) and by Maidens et al. (2013)(36). Examples of studies where improvements in response to seasonal influenza vaccination have been demonstrated include Boge et al. (2009)(37). Langkamp-Henken et al. (2006)(38) and Langkamp-Henken et al. (2004)(39). 
Boge et al. (2009)(37) reported two controlled studies of oral Lactobacillus casei DN-114 001 administration for 7 weeks (study 1) and 13 weeks (study 2) in elderly subjects (> 70 years of age; mean age ~ 84 years) who received the seasonal influenza vaccine after 4 weeks. Study 1 used the 2005/2006 seasonal influenza vaccine and identified 40 to 50% seroprotection and 20 to 50% seroconversion (depending upon viral strain) in the control group 3 weeks post-vaccination, in keeping with the relatively poor response to vaccination in the elderly. This study, which involved approx. 40 subjects per group (i.e. control and L. casei), showed non-significant trends towards higher antibody titres and increased seroprotection and seroconversion with L. casei. Study 2 was larger (~110 subjects in each group) and measured antibody titres 3, 6 and 9 weeks post-vaccination with the 2006/2007 vaccine. The study revealed higher antibody titres to all 3 vaccine strains at all 3 post-vaccination time points, although these were significant only for antibodies against the B strain (at all 3 time points); typically antibody titres were 60 HIU/ml in the control group and 100 in the L. casei group. Seroconversion to the B strain was low in the control group (~10% at 3 weeks) but was significantly increased by L. casei at all times points assessed (~20% at 3 weeks). Seroconversion at 5 months post-vaccination was higher to the B strain (~7% vs ~2%) and to the H3N2 strain (~20% vs ~10%) with L. casei. 
Langkamp-Henken et al. (2004)(39) reported a controlled study of 26 weeks administration of an oral nutritional formula providing vitamins E and C, beta-carotene, B vitamins, Se, Zn, structured triglyceride and the prebiotic fructooligosaccharide. Subjects were older adults (> 65 years; mean age ~ 82 years) who received the 1999/2000 seasonal influenza vaccine after 2 weeks. Antibody titres to the H3N2 and B strains were not different between groups at 6 weeks or 24 weeks post-vaccination. In contrast, 6 weeks post vaccination antibody titres to the H1N1 strain were significantly higher in the formula group (~200 vs ~100). Seroprotection to each of the three viral strains was not different between groups at 6 weeks post-vaccination. Seroconversion to the H1N1 strain was higher in the formula group (87% vs 41%) but there was no difference between groups in seroconversion to the H3N2 or B strains. In the formula group 87% of subjects seroconverted and seroprotected to the H1N1 strain which was significantly higher than in the control group (35%). This study also reported cold and influenza symptoms over the study period: days with symptoms per subject were lower in the formula group (median 0 vs 3).

Langkamp-Henken et al. (2006)(38) report a controlled study of 10 weeks administration of the same oral nutritional formula in older adults (> 65 years; mean age ~ 85 years) who received the 2002/2003 seasonal influenza vaccine after 4 weeks. The study identified ~45% seroconversion to the H1N1 strain and ~35% to the H3N2 strain with no effect of the nutritional formula. Seroconversion to the B strain was ~50% in the control group and 64% in the formula group (P = 0.09). Seroprotection to the H1N1 strain was higher in the formula group (44% vs 29%), and tended to be higher to the H3N2 strain (97% vs 89%) but wasn’t different to the B strain (95% vs 94%). Antibody titres to any strain were not different between groups. 

	Conclusions

	Response to vaccination, assessed as anti-vaccine antibodies in serum or plasma, can be used as a biomarker of immune function in both epidemiological and intervention studies. However, there is high variability in response between subjects.
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[bookmark: _Toc430680381]Specific field and related marker: Chronic inflammation - use of C-reactive protein (CRP) concentration as a biomarker 

	Criteria Identified at the workshop
	Comments

	1. Analytical aspects
1. Method should be validated according to recognised guidelines. 
1. This should include for example: robustness, appropriate analytical sensitivity and specificity, reproducibility accuracy, quality assurance, standardization, traceability, stability (quality of the sample). These guidelines can be specific per marker, it apply equally well to biological markers, imaging, questionnaires, etc.

	C-reactive protein (CRP) is an acute phase protein produced by the liver in response to elevated inflammation (in particular an elevated blood concentration of the cytokine interleukin-6). CRP is usually measured in serum (but may also be measured in plasma). The serum can be assayed fresh or can be stored at room temperature for a short period of time or frozen (minus 80°C) for longer. CRP may be measured by various immunoassays. These often have different sensitivities. In many hospital settings the assays are performed using a standardised assay approved by regulatory bodies and technique(40), thus meeting requirements for reproducibility, accuracy, quality assurance and standardization. However where these, or other assays for CRP, are used in research laboratories these requirements may not be met. People often refer to “high sensitivity CRP”. This is simply CRP measured with a high sensitivity assay (i.e. the analyte for a CRP assay and for a high sensitivity CRP assay is the same). Such high sensitivity assays are required because CRP concentrations are typically low in people without infection, acute inflammation or a chronic high grade inflammation. In healthy people or those with chronic low grade inflammation, a high sensitivity assay kit is typically needed. For conventional CRP assays, test values are typically considered to be clinically significant, in terms of infection or high grade inflammation, at levels above 10 mg/L(40).

	1. Reflect/mark an endpoint
0. Significant association between marker and endpoint in a target population 
0. Marker changes consistently with a change in the endpoint 

	In apparently healthy people blood CRP levels are below 5 mg/L, although this could be above the cut-off for increased disease risk (see below), while in various conditions this threshold is often exceeded within four to eight hours after an acute inflammatory event, with CRP values reaching approximately 20 to 500 mg/L(40). CRP concentrations can be markedly elevated by sub-clinical infection. Elevated CRP concentrations in “healthy” people are considered to be a marker of chronic low-grade inflammation and so to be associated with higher future risk of CVD morbidity and mortality(41-43). It is important to consider the effect of sub-clinical infection when assessing CRP concentrations in healthy people. Using high sensitivity assays, cut-off values for future cardiovascular and metabolic syndrome risk have been defined as follows: low-risk (<1.0 mg/L), average-risk (1.0-3.0 mg/L), and high-risk (>3.0 mg/L)(44). However, these cut-off thresholds are based on distributions in Western populations, and may not be transferable to other populations(45). There are interactions of CRP concentration with other risk factors, like blood lipids(42,43,46). 









[image: ]
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Fig. S1. Interactions of CRP concentrations with other risk factors (with permission to use from N Engl J Med 2000; 342:836-43 and Clin Chem 47: 403-411)

Despite exhibiting consistent associations with risk of CVD events, the ability of CRP to discriminate individuals who will suffer events is extremely modest and similar to blood pressure or cholesterol values on their own, so therefore CRP is not currently included in cardiovascular risk prediction models(47,48).


CRP concentrations increase with age(49) and are predictive of mortality in elderly persons(50,51). CRP concentrations are elevated in obesity(52,53). However there is significant between-individual variation (at least 10-fold) among non-obese and obese individuals and there is a substantial overlap in concentration between non-obese and obese persons. However, there is a positive relationship between body mass index and other measures of obesity such as waist circumference and circulating concentration of CRP(54). Weight loss through lifestyle change (and also through surgery) has been reported to result in lower CRP concentrations(55-58). Physical training also lowered CRP in some studies(59,60). Typical reductions in CRP reported through weight loss are 10 to 50%; in general the greater the weight loss and the longer the duration, the greater the reduction in CRP. Also there is some evidence from weight loss studies that those with a higher starting CRP concentration show a greater decrease.

	1. Must respond to a dietary intervention 
1. Any dietary intervention should induce a meaningful change in the marker (meaningful refers to 2.ii )
1. Lifestyle changes (which may include changes in the diet) may also include a meaningful (meaningful refers to 2.ii ) change in the marker

	CRP concentrations may be (and have been) used in epidemiology studies to investigate the association between inflammation and a future clinical outcome (prospective study) or between the intake of foods or nutrients and inflammation (cross-sectional study) or in intervention trials of dietary or nutrient or other lifestyle modifications. As indicated above studies have shown that weight loss through lifestyle change (mainly caloric restriction) can lower CRP concentrations(55-58). Physical training also lowered CRP in some studies(59,60). 

Calder et al. (2011)(54) comprehensively reviewed the literature on dietary/food patterns, foods and nutrients in relation in CRP concentration, including data from both epidemiological and intervention studies; they identified many hundreds of studies on this topic. Many studies show associations between dietary/food patterns, certain foods and specific nutrients and CRP concentration, which are retained with adjustment for confounders. CRP concentrations are shown to be lower with increasing adherence to the Mediterranean diet, with a higher healthy eating index, and with greater adherence to a prudent diet and to be higher with greater adherence to a Western-style diet(54). In general, the associations reported in these studies are graded. Foods with inverse associations with CRP concentration include whole grains, fruit and vegetables, and fish while nutrients with inverse associations include fibre, marine omega-3 fatty acids and antioxidant vitamins (vitamin C, vitamin E, carotenoids)(54). Diets with higher glycaemic load or glycaemic index have been associated with higher CRP concentrations(54). Intervention studies with foods or nutrients tend to be less consistent in their findings than the association studies. However there is quite good evidence from intervention studies that whole grains, fibre, fruit and vegetables, low glycaemic load, marine omega-3 fatty acids and some plant polyphenols lower CRP concentrations(54).

	Conclusions
	CRP can be measured using commercially available kits as a marker of inflammation. In the absence of infection or an acute of chronic condition, CRP levels are low, but within this low range there is an association between CRP and increased future risk of cardiovascular disease morbidity and mortality. There is interaction between CRP and other risk factors. 


[bookmark: _Toc405381552][bookmark: _Toc428179440][bookmark: _Toc430680382]
Specific field and related marker: Cognition – example of verbal memory measures

	Criteria Identified at the workshop
	Comments

	1. Analytical aspects
1. Method should be validated according to recognised guidelines. 
1. This should include for example: robustness, appropriate analytical sensitivity and specificity, reproducibility accuracy, quality assurance, standardization, traceability, stability (quality of the sample). These guidelines can be specific per marker, it apply equally well to biological markers, imaging, questionnaires, etc.


	Verbal memory is widely used as a measure of cognitive function. Consideration of it as a marker or endpoint raises issues which are common to many other cognitive tests used in nutritional interventions. Measures of verbal memory may involve participants memorising word lists (e.g. Rey Auditory Verbal Learning test, RAVLT(61)), a paragraph or a short story (e.g. Wechsler Memory Scale – Fourth Edition, WMS-IV(62)). Word list items can either be associated by categories e.g. lists of animals or items of clothing, or have no relationship to other items. Paragraph or story recall requires recall of key points of a story or a paragraph of prose (e.g. Rivermead Behavioural Memory Test – Third Edition, RBMT-3(63)). Performance for story or paragraph recall tends to be better than recall of unrelated word lists since the relational aspects of the stimulus material allow for better encoding and recall(64)). Cued recall tasks represent another variant of verbal memory performance in which recall is made in response to a specific cue (e.g. previously paired word or semantic cue). Recall can be elicited immediately after presentation or with varying delay (delayed recall) ranging from 30 min to many days or longer, sometimes years as in the case of the Mini Mental State Examination (MMSE(65)) used to screen for dementia by asking questions such what year did the second world war begin or who is the current Prime Minister. The MMSE is prone to ceiling effects even in samples of older adults(66). Delayed recognition is a further variant in which previously presented items must be identified from a list of distractor items which have not previously been seen. Administration can be via computer or paper and pencil, with stimulus material to be remembered presented visually or aurally and responses given verbally (into a digital recorder or marked by a researcher) or by the participant writing the words on paper (NB this engages slightly different cognitive processes than verbal recall).

There are various measures of verbal memory available e.g. commonly used measures include RAVLT, California Verbal Learning test (CVLT(67)) and many variants of these (see Table below). These standardised measures have similar administration i.e. 5 learning trials (immediate recall of each to show rate of learning over successive trials), presentation of an interference list which is recalled in some verbal learning tests but not others and delayed recall and recognition trials post interference list presentation so that the impact of the interference list on original list recall can be evaluated. Standardisation of lists includes for example, matching word lists for imagery, concreteness and frequency of occurrence in the language in question and sometimes matching on length and number of syllables included in the list. However, the word lists on the CVLT are categorically related and participants are expected to identify and use this to aid recall. Crucially both measures provide scores in a range of areas such as number of items correctly recalled and recognised, number of intrusions and repetitions, recall discriminability and proactive (intrusions of previous list items in recall of newly presented list items) and retroactive (intrusions of more recent list items in recall of previously presented list items) interference. This allows for a comprehensive assessment to be made, revealing the severity of impairments in verbal memory, if present, by referring to test norms and the effect of any intervention. Some measures have equivalents, which are designed specifically for certain age ranges. For example, the Rivermead Behavioural Memory Test for children (RBMT-C(68)) is a measure of memory that is normed for ages 5-10 years, which has a subtest of verbal memory ability involving the immediate recall of up to 31 key points from a story. Tests of verbal memory may vary in qualities such as word frequency, concreteness, imagery, age of acquisition of the stimulus words between tests and also between parallel versions of the same test, which can affect performance and lead to inequalities between parallel versions. Counterbalancing of versions is therefore also important. The Rey has high reliability (0.8,(69)).
Performance on verbal memory tests is correlated with level of education, IQ (positive relationship between level of education/IQ and performance(70,70,71)), gender (females perform better than males) and age (tends to decline with age)(72). Test retest reliability for most tests is good but tests can be vulnerable to practice effects or the development of strategies to aid recall in some subjects (possibly related to education or IQ). Many tests were not developed with the intention of examining changes in performance in response to dietary intervention but to classify groups of individuals and many tests are therefore likely to show substantial stability.
Importantly, performance could be a marker of learning or cognitive decline in which case these and not verbal memory are the endpoint. Normally the marker is performance on the test.

	1. Reflect/mark an endpoint
1. Significant association between marker and endpoint in a target population 
1. Marker changes consistently with a change in the endpoint 

	Verbal memory performance may be reflective of cognitive decline, either age related or disease induced (i.e. dementia, amnesic-MCI, stroke). Powell et al. (2006)(73) demonstrated that performance in a test of verbal memory predicted development of Alzheimer’s Disease 22 years later in the Framingham study. Each standard deviation difference in baseline performance increased risk of AD by 60% (relative risk 1.57 95% CI: 1.31-1.87). Verbal memory could be a marker of memory capacity in cognitive decline, which might also decrease with age but the trajectory or extent of the decline could be a useful outcome. Using data from about 10,000 participants in the Whitehall II study in the UK, Singh-Manoux et al. (2012)(66) reported a 3% change over 10 years in memory performance in men aged 45 years at baseline after adjusting for education, whilst a 2.5% decline was shown in women of the same age at baseline. Age related changes in interference may be larger than for verbal recall(74) but there is little confirmatory data available. Verbal memory may be a marker of another outcome or an outcome in itself. Change in performance should be consistent over age in a normal population in the absence of pathology. Verbal memory could be a marker of learning capacity in children (which might also still increase with age up to adulthood as vocabulary capacity also develops(75)). 

Measures of verbal memory are threshold or of interval scale of measurement e.g. a change from 9 words to 10 or a decline from 10 to 9 is still in the high functioning range and different from a decline from 5 words to 4 which would indicate below normal function. A verbal memory capacity of 7+/-2 items is considered normal memory capacity(76) – although this can be increased with education/IQ and adoption of learning strategies.

	1. Must respond to a dietary intervention 
1. Any dietary intervention should induce a meaningful change in the marker (meaningful refers to 2.ii )
1. Lifestyle changes (which may include changes in the diet) may also include a meaningful (meaningful refers to 2.ii ) change in the marker

	In most studies verbal memory is the endpoint rather than a marker of some other cognitive outcome such as dementia or cognitive decline. The available evidence suggests that verbal memory performance can be influenced by dietary intervention. Various verbal memory measures employed in dietary intervention studies of polyphenols, omega 3 fatty acids and B Vitamins are shown in the Table below. For example, there is evidence for a beneficial effect of phytoestrogens in menopausal women(77). Verbal memory enhancement by glucose has been demonstrated; for example Foster, Lidder and Sünram (1998)(78) found a significant glucose facilitation effect upon performance of long-term verbal free and cued recall tasks which correlated significantly with blood glucose levels. However short-term verbal memory (forwards/backwards digit recall) and long-term non-verbal memory (complex figure reproduction) were not affected suggesting that the effects of glucose on verbal memory relate specifically to glucose function in the hippocampus. Dietary carbohydrates (potatoes and barley) enhanced cognition in subjects with poor memories or beta cell function independently of plasma glucose(79). 
In some situations, verbal memory can be a marker for cognitive impairment and is related to glucose regulation such that poorer glucoregulation results in impaired verbal memory. In support of this, glucoregulatory indices calculated on the basis of evoked glucose levels have been found to be significantly associated with cognitive performance on the Logical Memory subtest from the Wechsler Memory Scales-III and a test of verbal free recall. 
Mostly effect sizes are small (less than seen in dementia vs controls) and it can be difficult to relate changes in verbal memory induced by dietary intervention to those seen with years of ageing. 
Lifestyle changes e.g. weight loss leading to improved glucose regulation, reduced blood pressure etc. have been shown to improve measures of verbal memory(80) but again effects are small. 

	1. Conclusions
	Verbal memory fulfils in part the criteria of a useful marker in nutrition research. In terms of analytical aspects (criterion 1), most measures of verbal memory are validated against existing measures, standardised for the population in question. The measures are therefore, only as good as those against which they have been validated. There are a large range of verbal memory tests available but all measure a specific cognitive function and thus can be considered to show specificity, although there is variability in the degree of standardisation of these tests. There is also considerable variability in the sensitivity and discriminative validity (i.e. the ability of the test to detect impairment) of verbal memory tests for example the Mini Mental State Examination can detect severe memory impairment but is less sensitive to mild impairment. The association between the marker and the endpoint depends on the demographics of the target population. Verbal memory shows a stronger association with the endpoint (cognitive decline) in older adults with mild cognitive impairment. In general, verbal memory does not reflect or predict a clinical endpoint. In terms of response to dietary intervention, verbal memory measures are often the endpoint rather than the marker. Dietary intervention studies are usually short term (<1 year) and although effects observed for verbal memory may be statistically significant, these may not be clinically significant i.e. may not reflect a reduction in disease risk or progression. Hence verbal memory only partially meets the criteria of being a valid marker.

	
	




[bookmark: _Toc394327301][bookmark: _Toc405381553][bookmark: _Toc390258559]Table S2. Summary of verbal memory tests used in polyphenol, B vitamin and n-3 fatty acid intervention trials

		Nutritional intervention
	Age of participants
	Characteristics of participants
	Verbal memory test
	Measures
	p value
	Effect size

	
	
	
	
	
	
	

	Grape juice Supplementation over 12 weeks (n=12)
	Mean age of 78.2
	Males and females who have experience age related memory decline
	CVLT
	Item Acquisition
	p=0.04
	f = 0.28

	
	
	
	
	Delayed Recall
	p=0.10
	f = 0.33


	Blueberry Supplementation over 12 weeks (n=9)
	Mean age of 76.2
	Males and females who have experience age related memory decline
	VPAL
	Cumulative learning score
	p=0.009
	d = 1.78

	
	
	
	CVLT
	Word list recall
	p=0.04
	d = 1.18


	n-3 Fatty Acid over 24 months (n=748)
	70 - 79 years
	Healthy males and females
	CVLT 
	Sum of words on three trials of immediate recall
	p=0.14
	

	
	
	
	
	Delayed recall
	p=0.46

	

	Isoflavone supplementation over 12 months (n=175)
	60 - 75 years
	Healthy postmenopausal females
	RAVLT 
	Immediate Recall
	p=0.36
	

	
	
	
	
	Delayed Recall
	p=0.68
	

	
	
	
	
	Recognition
	p=0.53




	

	Nutritional intervention
	Age of participants
	Characteristics of participants
	Verbal memory test
	Measures
	p value
	Effect size

	
	
	
	
	
	
	

	Isoflavone supplementation over 12 weeks (n=34)
	30 - 80 years
	Healthy males
	RAVLT 
	Immediate Recall
	p=0.40
	

	
	
	
	
	Short delay recall following interference list
	p=0.71
	

	
	
	
	
	Delayed Recall
	p=0.48
	

	
	
	
	PAL
	Immediate Recall
	p=0.18
	

	
	
	
	
	Delayed Recall
	p=0.24

	

	Vitamin B over 24 months (n=253)
	> 64 years
	Healthy males and females
	RAVLT 
	Sum of words on five trials of immediate recall
	p=0.14
	

	
	
	
	
	Delayed Recall
	p=0.16

	

	Isoflavone supplementation over 6 months (n=30)
	62 - 89 years
	Healthy males and females
	Selective Reminding
	Total number words across all learning trials (immediate recall)
	p=0.42
	

	
	
	
	
	Delayed recall
	p=1.00






	

	Nutritional intervention
	Age of participants
	Characteristics of participants
	Verbal memory test
	Measures
	p value
	Effect size

	
	
	
	
	
	
	

	Cranberry Juice over 6 weeks (n=47)
	≥60 years
	Healthy males and females
	Selective Reminding
	Immediate free recall

	p=0.54

	

	
	
	
	
	Long-term storage

	p=0.16

	

	
	
	
	
	Short-term recall
	p=0.05a
	

	
	
	
	
	Long term retrieval

	p=0.20

	

	
	
	
	
	Consistent long-term retrieval

	p=0.31

	

	
	
	
	
	Random long-term retrieval

	p=0.99

	

	
	
	
	
	Cued recall

	p=0.21

	

	
	
	
	
	Delayed free recall

	p=1.00

	

	
	
	
	
	Delayed recognition
	p=0.71
	

	Dark Chocolate and Cocoa over 6 weeks (n=90)
	> 59 years 
	Healthy males and females
	Selective Reminding
	Immediate recall
	p=0.79
	

	
	
	
	
	Cued Recall
	p=0.95
	

	
	
	
	
	Delayed Recall
	p=0.71
	

	
	
	
	
	Delayed Recognition
	p=0.22




	

	Nutritional intervention
	Age of participants
	Characteristics of participants
	Verbal memory test
	Measures
	p value
	Effect size

	
	
	
	
	
	
	

	Vitamin B over 35 days (n=211)
	n=56 between 20 - 30 years; n=82 between 45 - 55 years; n=75 between 65 - 92 years.
	Healthy females
	RAVLT
	Immediate Recall
	p=0.06
	

	
	
	
	
	Recognition
	p<0.05

	

	Vitamin B over 10 weeks (n=7)
	> 64 years
	Males and females who met criteria for dementia
	Logical Memory subtest (WMS)
	Free Recall 
	p=0.28
	

	
	
	
	Associate Learning subtest (WMS) 

	Recall
	p=0.08
	

	n-3 Fatty Acid over 105 days (n=288)
	6 - 11 years
	Healthy male and female children
	HVLT
	Total scores across three recall trials
	p>0.05
	

	
	
	
	
	Recognition

	p>0.05
	

	n-3 Fatty Acid for 12 months (n=35)
	> 59 years 
	Males and females who met criteria for MCI
	RAVLT 
	Immediate Recall
	p>0.05
	

	
	
	
	
	Delayed Recall
	p<0.05



	

	Nutritional intervention
	Age of participants
	Characteristics of participants
	Verbal memory test
	Measures
	p value
	Effect size

	
	
	
	
	
	
	

	Vitamin B over 24 months (n=223)
	> 69 years 
	Males and females who met criteria for MCI
	HVLT
	Delayed Recall b
	p=0.23
	

	
	
	
	
	Delayed Recall c
	p=0.001

	

	Vitamin B over 3 months (n=76)
	70 - 79 years
	Healthy males
	Associate Learning Task
	Short Delay Recognition
	p<0.05d
	

	
	
	
	
	Delayed Recognition (forget score)
	p<0.04e
	

	n-3 Fatty Acid and Vitamin B over 4 weeks (n=41)f
	> 19 years
	Healthy males and females
	RAVLT
	Immediate Recall on trials 1 - 5
	p=0.25
	

	
	
	
	
	Short delay recall following interference list
	p=0.17
	

	
	
	
	
	Delayed Recall
	p=0.52
	





MCI, mild cognitive impairment; CVLT, California verbal learning test; PAL, paired associate learning; VPAL, verbal paired associate learning; RAVLT, rays auditory-verbal learning Test; WMS, Wechsler memory scale; HVLT, Hopkins verbal learning test. 
a Bonferonni corrected α level of 0.003
b Overall effect 
c High homocysteine group
d On trial 2
e On session two
f Vitamin B (coconut oil) was placebo


[bookmark: _Toc428179441][bookmark: _Toc430680383]Specific field and related marker: Attention – example of sustained attention measures

	Criteria Identified at the workshop
	Comments

	1. Analytical aspects

1. Method should be validated according to recognised guidelines.
1. This should include for example: robustness, appropriate analytical sensitivity and specificity, reproducibility accuracy, quality assurance, standardization, traceability, stability (quality of the sample). These guidelines can be specific per marker, it apply equally well to biological markers, imaging, questionnaires, etc.
	Sustained attention (or vigilance) is widely used as a measure of cognitive function. Consideration of it as a marker or endpoint raises issues which are common to many other cognitive tests used in nutritional interventions. Sustained attention measures typically involve performing a monotonous task for prolonged periods of time. The participant is required to keep watch for a certain rare and unpredictably occurring target and the overall ability to detect these targets (‘vigilance level’), and the decrement in performance over time (‘vigilance decrement’)(81) are assessed. Vigilance level is generally based on the measurement of classic parameters of the Signal Detection Theory such as hit, correct rejection, omission and false alarm. Vigilance level is usually expressed as either a decrease in the number of correct detections over time or an increase in reaction time to signals over the watch-keeping period. Commonly, response speed to targets is also measured, particularly in tasks where subjects exhibit high levels of detections of signals and low levels of false alarms. Data are generally obtained via computerised assessments.
There are various measures of sustained attention available. Commonly used measures include the Sustained Attention to Response Inhibition Task (SART(82), the Continuous Performance Task (CPT(83)), the Rapid Visual Information Processing (RVIP(84) task and the Digit Detection or Vigilance task(85).
These standard measures have similar administration in that they employ a rapid presentation of continuously changing stimuli among which there is a designated "target" stimulus (i.e. a specific letter, number, colour or symbol) or "target" pattern (e.g. three specific numbers presented consecutively), usually among distracter stimuli. The duration of the task varies, but the task is intended to be of sufficient length to measure sustained attention. Most of the decrement typically appears within the first 15 minutes(86) but it can appear even more rapidly when task demand conditions are high.
Typically, these tests have been validated for the relevant age group, have good robustness and sensitivity (e.g. SART(87); CPT(88); RVIP(89) and they are used widely in the field of psychology in a standardised manner. Tests can be vulnerable to practice effects, yet the exact effects of practice on vigilance remain insufficiently investigated. Notably, practice may not necessarily decrease the test demand during sustained attention tasks.

	1. Reflect/mark an endpoint

1. Significant association between marker and endpoint in a target population
1. Marker changes consistently with a change in the endpoint
	Low sustained attention may be reflective of a difference in real-life performance such as higher risk of errors and accidents within a target population. This is relevant for example in situations such as driving, factory work, and shift work in particular but numerous situations can be thought of in which sustaining attention is of crucial importance.
Changes in sustained attention performance, both positive (e.g. due to caffeine, taking naps) and negative (e.g. due to sleep deprivation, diazepam), can be related to changes in real-life performance such as driving performance resulting in differences in the occurrence of road or railway accidents (e.g. Brice et al. (2001)(90); Edkins et al. (1997)(91). Moreover, it is generally problems with sustained attention that make it difficult and fatiguing to maintain work performance throughout the day. For example, decreases in sustained attention during factory work increase accident risk at the end of 2 hour shifts(92).

	1. Must respond to a dietary intervention

1. Any dietary intervention should induce a meaningful change in the marker (meaningful refers to 2.ii )
1. Lifestyle changes (which may include changes in the diet) may also include a meaningful (meaningful refers to 2.ii ) change in the marker
	Sustained attention can be influenced by a range of dietary interventions. Perhaps most noticeably and consistently, caffeine consumption has been related to acute improvements in sustained attention. Findings for different tasks are summarized in the Table below. Moreover, other acute interventions such as glucose(93), theanine(94), cocoa flavanols(95) and chewing gum(96,97) have been shown to positively affect performance on sustained attention tasks in some studies.
Other studies have also explored the effects of longer term dietary interventions on sustained attention, with some positive results. For example, Duffy, R. et al., 2003(98) found that taking a dietary supplement of soya isoflavones for 12 weeks resulted in significant improvements in sustained attention (a Paced Auditory Serial Addition Test).
Notably, in most studies sustained attention is the endpoint rather than a marker of some other cognitive outcome such as dementia or cognitive decline. Lifestyle changes have not been related to changes in sustained attention.

	Conclusions
	With regard to acute effects of sustained attention, the effects of caffeine are generally consistent, with the large majority of studies showing beneficial effects on speed and/or accuracy outcomes (or both). Effects of other nutrients (glucose, theanine, cocoa) and for longer term nutrition interventions are rather more inconsistent.
In these cases it is difficult to determine whether the lack of effects is due to insensitivity of the measure, the sample size, differences in the duration of treatment or dose/preparation etc.
Experimental challenges such as stress exposure or sleep deprivation which can affect sustained attention could be useful adjunct paradigms to increase the sensitivity of this marker. Sustained attention has potential as a marker of cognitive function and can be influenced by specific nutrients. Notably, in most studies sustained attention is the endpoint rather than a marker of some other cognitive outcome such as dementia or cognitive decline.
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Table S3. Summary of sustained attention tests used in acute caffeine intervention trials

	Test
	Nutritional intervention
	Studies
	Summary of findings

	
	
	
	

	Rapid Visual Information Processing (RVIP) task
	Single dose of caffeine
(as compared to placebo)
	Hasenfratz et al. 1992; 1994(99,100); Warburton et al. 1995(101); Rees et al., 1999(102); Smit et al., 2000(103); Yeomans et al., 2002(104); James et al., 2005(105,106); Haskell et al., 2008(107); Owen et al., 2008(108); Maridakis et al., 2009a; 2009b(106,109)
	8 out of 11 studies found an effect of caffeine in various doses

	Repeat Digit Detection (RDD) task
	Single dose of caffeine
(as compared to placebo)
	Smith et al. 1992; 1994a; 1994b; 1997; 1999; 2003; 2005; 2006; 2009(110-118); Brice & Smith, 2001(90); Christopher et al. 2005(119); Hewlet et al. 2006; 2007(120,121)
	10 out of 13 studies found an effect of caffeine in various doses. 7 studies reported more hits, and 6 reported

	Continuous Performance Task (CPT)
	Single dose of caffeine
(as compared to placebo)
	Kelemen et al., 2001(122); Maridakis et al., 2009b(109); Tieges et al., 2009(123)
	2 out of 3 studies found faster responses after caffeine 

	Digit Vigilance (DV) Task
	Single dose of caffeine
(as compared to placebo)
	Haskell et al., 2005; 2008(107,124)
	Faster responses after caffeine 

	Sustained Attention to Response Task (SART)
	Single dose of caffeine
(as compared to placebo)
	Foxe et al., 2012(94)
	Reduced error rates after caffeine





[bookmark: _Toc405381554][bookmark: _Toc428179442][bookmark: _Toc430680384][bookmark: _Toc394327302]Specific field and related marker: Cardiovascular diseases/vascular function – flow mediated dilatation 

	Criteria Identified at the workshop
	Comments

	1. Analytical aspects
1. Method should be validated according to recognised guidelines. 
1. This should include for example: robustness, appropriate analytical sensitivity and specificity, reproducibility accuracy, quality assurance, standardization, traceability, stability (quality of the sample), analytical variation, biological variation These guidelines can be specific per marker, it apply equally well to biological markers, imaging, questionnaires, etc.


	Endothelial dysfunction is an important early event in the development of atherosclerosis, which precedes the development of clinical symptoms. Flow-mediated dilatation (FMD) describes arterial dilatation in response to increased intra-luminal shear stress. In humans, this phenomenon has been assessed using a forearm technique, in which reactive hyperaemia following release of an arm cuff inflated to suprasystolic pressures mediates increased brachial artery diameter. The assessment of FMD was introduced almost 20 years ago to examine vasodilator function in vivo. FMD is widely believed to reflect endothelium-dependent and largely nitric oxide-mediated arterial function and is used as a surrogate marker of vascular health(125). The technique is non-invasive, and is therefore widely used. A number of agreed protocols have been published to guide investigators using this procedure, while guidelines for investigators regarding methodology and technique and also training and quality assurance have been published (see tables below(126,127)). The available guidelines recommend rigorous attention be paid to protocol standardisation, training and ongoing quality improvement, as these are critical to generating valid, reproducible data. Despite its widespread adoption and the availability of these guidelines, there is considerable variability between studies with respect to the protocols applied, methods of analysis, and interpretation of results. Such differences in methodological approaches have important impacts on the response magnitude, can result in spurious data interpretation, and limit the comparability of outcomes between studies(127,128), while differences in reproducibility between centres have also been highlighted(129). However, recent papers examining variability and reproducibility of FMD in multi-centre studies suggested that reproducible FMD measurements can be achieved, comparable with those reported from specialized laboratories. Thus, if such reproducibility can be established within a centre, following the guidelines as indicated below, then FMD can be used as an outcome measure in short- to medium-term studies(130,131). Reproducibility should be reported, within centre, between operators and between centres for multi-centre studies, for any study reporting FMD.











Table S4. Training and quality improvement protocol (with permission to use from J Am College Cardiol 2002; 39:257-65)

[image: ]
	Recommendations for FMD assessment to examine a largely nitric oxide-mediated, endothelium-dependent vasodilatation of a conduit artery in humans. Methodological and Technical Guidelines (modified after Circ Physiol 300(1): H1-H12)

	Subject Preparation

	    - Rest in a quiet, preferably darkened room for a period of ≥20 min before assessment.

	    - Supine posture (i.e., the imaged artery should not be substantially above or below heart level).

	    - Tests should be standardized and, for multiple tests, conducted at a similar time of day.

	    - Cuff must be placed distal to the imaged artery and inflated for 5 min.

	    - Subjects must be fasted for ≥6 h.

	    - Subjects must avoid exercise or food/drinks that contain caffeine or alcohol for ≥8 h.

	    - Careful history should be taken regarding the use/timing of drugs because some drugs have an effect.

	    - Premenopausal women should be assessed on days 1-7 of the menstrual cycle.

	Protocol

	    - Baseline diameter must be examined before cuff inflation for a period of at least 1 min.

	    - Present absolute baseline diameter should be in results section.

	    - Measurement of postdeflation diameter should start before cuff release.

	    - Measurements should be performed for ≥3 min in upper limb arteries and ≥5 min in lower limb arteries.

	Technique

	    - Continuous measurement of velocity and diameter using duplex ultrasound should be performed.

	    - Blood velocity should be assessed using an insonation ≤60°.

	    - Use the same angle within a study and study group (and report angle).

	    - B-mode images with a probe of ≥7.5 MHz should be used (and report probe details).

	Analysis

	    - Continuous edge detection and wall tracking should be used to capture true peak diameter and for calculation of shear rate.

	    - Peak velocity outer envelope assessment is recommended for analysis of the Doppler signal.

	    - Automated mathematical algorithms should be used to calculate the peak diameter.

	    - Present the FMD response in absolute (in mm) and relative (in %) change.

	    - The relevant shear-rate stimulus (area-under-the-curve until peak diameter) must be presented.

	    - The use of ratio normalization (e.g., FMD/shear) is currently unresolved, and at this time no recommendation to use such normalization can be provided.



An acceptable reproducibility is a mean difference of 2-3% in FMD over time (on a baseline vasodilatation of 10%), but such reproducibility data are rarely reported in nutrition interventions(126). The merits of a single measure of FMD have been debated (Al-Quaisi et al., 2008), but a recent study examining variability and reproducibility of FMD in a multicentre clinical trial suggested that, in a multi-centre setting reproducible single FMD measurements can be achieved in the short to medium term, comparable to that achieved in specialist laboratories, and that therefore FMD, if such performance can be demonstrated within a centre, can be used as an outcome measure for short- and medium-term assessment of dietary and other interventions. 

	1. Reflect/mark an endpoint
1. Significant association between marker and endpoint in a target population 
1. Marker changes consistently with a change in the endpoint 

	FMD has been associated fairly consistently with CVD risk factors and with an increased risk of CVD (128,132-134), although its predictive value on top of traditional risk factors is unknown(135,136), and the effect of a change in FMD on CVD risk has not yet been established, and a need for such trials has been suggested(133). See below for a comparison of FMD compared to other measures of endothelial function, demonstration of association with CVD risk factors, and prognostic significance in terms of CVD risk(132).




















Table S5. Methods for Clinical Assessment of Endothelial Function (modified after Circulation 2007; 115:1285-95)

	Technique (Outcome Measure)
	Noninvasive
	Repeatable
	Reproducible*
	Reflects Biology
	Reversible
	Predicts Outcome†

	Cardiac catheterization (change in diameter, change in coronary blood flow)
	−
	−
	+/−
	+
	+
	+

	Venous occlusion plethysmography (change in forearm blood flow)
	−
	+/−
	+/−
	+
	+
	+

	Ultrasound FMD (change in brachial artery diameter)
	+
	+
	+/−
	+
	+
	+‡

	PWA (change in augmentation index)
	+
	+
	+/−
	+
	−
	−

	PCA (change in reflective index)
	+
	+
	+/−
	+
	−
	−

	PAT (change in pulse amplitude)
	+
	+
	+/−
	+
	−
	−


+ indicates supportive evidence in literature; −, insufficient evidence; FMD, flow-mediated dilatation; PWA, pulse wave analysis; PCA, pulse contour analysis; and PAT, pulse amplitude tonometry.
*Reproducibility of PWA, PCA, and PAT has been less extensively investigated than FMD.
†Studies that link PWA, PCA, and PAT to outcome have not yet been reported.
‡FMD is currently the standard for non-invasive assessment of conduit artery endothelial function because there is considerable clinical trial experience, validation, a firm link to biology, and association with cardiovascular events.
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Fig. S2. FMD of the brachial artery. A, Ultrasound probe held in stereotactic clamp with micrometre adjustment. B, Continuous measurement of brachial artery diameter (end-diastolic images obtained every 3 seconds), before, during, and after inflation and release of sphygmomanometer cuff on forearm. C, Relationship of FMD to coronary risk factors in 500 asymptomatic adults. Reproduced from Celermajer et al copyright © 1994, with permission from the American College of Cardiology Foundation. D, Impact of diet and exercise on FMD in overweight Chinese teenagers over 6 weeks and 1 year. Reproduced from Woo et al with permission from Lippincott, Williams & Wilkins. Copyright © 2004, American Heart Association. 
With permission to use from Circulation 2007; 115:1285-95.
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Fig. S3. Relationship between different measures of endothelial function and cardiovascular outcome. A, Intracoronary testing with acetylcholine in 308 patients referred for cardiac catheterization. Ach indicates acetylcholine; VC-Ach, vasoconstriction to Ach; VD-Ach, vasodilatation to Ach. Reproduced from Halcox et al with permission from Lippincott, Williams & Wilkins. Copyright © 2002, American Heart Association. B, FMD of the brachial artery in 199 patients undergoing vascular surgery. Reproduced from Gokce et al, copyright © 2003, with permission from the American College of Cardiology Foundation. C, Event-free survival in 519 patients with coronary disease according to levels of circulating CD34+KDR+ endothelial progenitor cells at enrolment. Reproduced from Werner and Nickenig with permission from the Foundation for Cellular and Molecular Medicine. Copyright © 2006. 
With permission to use from Circulation 2007; 115:1285-95.

	1. Must respond to a dietary intervention 
1. Any dietary intervention should induce a meaningful change in the marker (meaningful refers to 2.ii )
1. Lifestyle changes (which may include changes in the diet) may also include a meaningful (meaningful refers to 2.ii ) change in the marker

	Normal ranges have not yet been described for FMD.

The effect of n-3 fatty acids on endothelial function has been reviewed(137) as has the effect of fruit polyphenols(138), berries(139), soy isoflavones(140), flavonoids from cocoa(141) and green and black tea (142,143) on vascular health, and these reviews include studies using FMD endpoints. Recent individual studies have suggested improved FMD after increasing potassium (Blanch et al., 2014), reducing salt(144) or increasing almond intake (Choudhury et al., 2014). Therefore a wide range of dietary interventions have been suggested to affect FMD. 
A wide range of lifestyle and other factors can affect FMD, including time of day, menstrual cycle, room temperature, nicotine, caffeine, fatty food, concurrent inflammation or infection, and therefore a careful protocol, minimising the effect of these through protocol adjustment, is important(128,132). See above guidelines for further details(126,127) of necessary protocol design.

	Remarks for the discussion (if any)
1. Are there experimental data were the intervention has not resulted in a significant change?
1. ix.	What were expected changes in the power calculations of clinical trials?
1. others
	A useful calculation of power based on different reproducibility performance, and according to expected change in FMD in response to the intervention has been recently presented(130).




[image: Figure 2]

Fig. S4. Relationship between effect on maximum % change in flow-mediated dilatation and number of subjects required in various trial scenarios with different coefficient of variation (CV: 15% and CV: 25%) between centres assuming 80% power and 5% significance for a parallel and crossover trial design. 
With permission to use from Eur Heart J 2013; 34:3501-07

	Conclusions
	FMD has potential as a marker of endothelial function and CVD risk and can be influenced by diet and by specific nutrients. However, careful consideration of methodological issues around reproducibility and standardised protocols is required within an individual centre or multi-centres, and there is also currently a lack of studies showing a reduction in CVD risk in response to a change in FMD. However, as it is non-invasive, and permits testing of nutritional interventions at any early pre-clinical stage, when the disease process is likely to be reversible, FMD is an attractive choice of endpoint in nutritional interventions.
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[bookmark: _Toc428179443][bookmark: _Toc430680385]Specific field and related marker: Cardiovascular diseases/oxidative stress– F2-isoprostanes

	Criteria Identified at the workshop
	Comments

	1. Analytical aspects
1. Method should be validated according to recognised guidelines. 
1. This should include for example: robustness, appropriate analytical sensitivity and specificity, reproducibility accuracy, quality assurance, standardization, traceability, stability (quality of the sample), analytical variation, biological variation. (These guidelines can be specific per marker; it applies equally well to biological markers, imaging, questionnaires, etc.)

	F2-isoprostanes are prostaglandin F2-like compounds formed in vivo from non-enzymatic arachidonic acid peroxidation, and have been suggested as indicators of in vivo oxidative stress. Currently they are considered the gold-standard for measuring oxidative stress. F2-Isoprostanes can be evaluated in plasma and urine, and can be measured in both fresh and frozen samples, but urine is considered to be the more reliable measure. Assays are either chromatography-based, or immuno-assays. Chromatographic methods are superior, because of their greater specificity (see Table below from Stephens et al. 2009(145)), and because when linked to MS, they allow the use of a stable isotope internal standard which reduces analytical variation. Published protocols detailing chromatography assay-based protocols are available(146,147). Chromatography-based methods tend to require a relatively large sample volume (0.5-1.0 ml(145). In urine the assessment requires concurrent assessment of creatinine. Measurement of isoprostanes as a biomarker of oxidative damage to lipids has been accepted by EFSA (NDA panel).

Table S6. Methods used to measure oxidative stress in plasma (modified after Arteriosclerosis 2009; 321-329)
	Method
	Principle
	Comment

	Plasma TAOS/TAS
	Measures the inhibition of an in vitro oxidative process by plasma.
	Technically easy and provides an overall measure of antioxidant status. Methods include TAOS/TAS/TRAP.

	F2-isoprostanes
	Product of free radical-mediated oxidation of phospholipids containing arachidonic acid
	Very specific and the ‘gold’ standard for assessing lipid peroxidation ex vivo. However, technically complex requiring mass spectroscopy. RIA method is validated. Commercially available ELISA kit not validated.

	Lipid peroxides
	Peroxidation products of lipids. These are often instable.
	Require HPLC or GC–MS. Commercially available kits have little validation.

	Thiobarbituric acid-reactive substances and monoaldehyde
	Malonaldehyde, a product of lipid peroxidation is coupled to thiobarbituric acid and the resulting chromogram is measured by fluorescence.
	Widely used and technically simple. Subject to confounding by compounds of non-peroxidation origin. The specificity may be improved by HPLC. Also affected by Fe content of buffer and reagents.

	Biomarkers of protein peroxidation
	8-Hydroxydeoxyguanosine (8-ohdG) generated from oxidative attach on DNA.
	The validity of measuring 8-ohdG needs to be confirmed. Measured by HPLC. Commercial kits recently developed.





Isoprostane levels are either similar in males and females or slightly higher in females(148). Fasting does not seem to affect isoprostane concentration in urine(148), when creatinine adjusted values are used. A recent paper suggests that isoprostane metabolites may be more sensitive biomarkers of oxidative stress than the parent compounds(149).

	1. Reflect/mark an endpoint
1. Significant association between marker and endpoint in a target population 
1. Marker changes consistently with a change in the endpoint 

	Whilst isoprostanes are considered to be the best marker of oxidative stress to date, their association with CVD risk has not been demonstrated consistently, with only a small number of case control and nested case control studies examining association with CVD endpoints. Such studies, reviewed in 2011, do suggest an association between increased isoprostane status and increased risk of CVD, with the severity of disease correlating with status(148). However, to date there are no studies demonstrating that a reduction in isoprostane levels leads to a reduction in CVD risk.

	1. Must respond to a dietary intervention 
1. Any dietary intervention should induce a meaningful change in the marker (meaningful refers to 2.ii )
1. Lifestyle changes (which may include changes in the diet) may also include a meaningful (meaningful refers to 2.ii ) change in the marker

	Normal ranges for isoprostane levels in a variety of biological fluids have been defined for healthy subjects(147).

Table S7. Basal levels of free F2-Isoprostanes in various body fluids and tissues from normal human (modified after Meth Enzymol 2007; 433: 113-26)

	Body fluid
	Level (mean ± 1 sd)

	Plasma
	35 ± 6 pg ml-1

	Urine
	1.6 ± 0.6 ng mg-1 creatinine

	Cerebrospinal fluid
	23 ± 1 pg ml-1



An effect of vitamin E on isoprostanes in plasma has been demonstrated in animal models and humans(148). An effect of fruit and vegetables has been demonstrated in one study in humans, but a number of other studies have found no effect of increasing polyphenols (summarised in (McCall et al., 2011(129)). A recent systematic review summarised the effects of antioxidant-rich foods or supplements on F2-isoprostanes. The interventions and study designs included were heterogeneous, but less than half of the 154 studies considered (45%) demonstrated an effect of intervention on isoprostanes, and the authors stress the need for consideration of intervention type, dose, duration, study design and participant characteristics in future studies(150). Urinary isoprostane concentrations are higher in smokers than non-smokers(148).

	Conclusions
	F2-isoprostanes are proven biomarkers of oxidative stress, and the laboratory methodology to measure them is well established. Some information on confounders and associations with CVD risk factors and risk is available, but large studies showing an association with CVD risk are absent, and the ability of interventions lowering isoprostanes to reduce CVD risk has not yet been established.
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[bookmark: _Toc430680386]Specific field and related marker: Cardiovascular diseases – blood pressure

	Criteria Identified at the workshop
	Comments

	1. Analytical aspects
1. Method should be validated according to recognised guidelines. 
This should include for example: robustness, appropriate analytical sensitivity and specificity, reproducibility accuracy, quality assurance, standardization, traceability, stability (quality of the sample), analytical variation, biological variation. (These guidelines can be specific per marker; it applies equally well to biological markers, imaging, questionnaires, etc.)
	Hypertension (raised blood pressure) is one of the most important preventable causes of premature morbidity and mortality worldwide, being a risk factor for stroke, myocardial infarction, heart failure, chronic kidney disease, cognitive decline and premature death. Systolic blood pressure is the pressure in the arteries when the heart beats (when the heart muscle contracts), while diastolic blood pressure measures the pressure in the arteries between heartbeats. Systolic blood pressure is included in all cardiovascular risk assessment screening tools (e.g. JBS, Q-RISK). National guidelines are available regarding validated, automatic blood pressure measuring devices, as well as measurements by the manual method(151,152). In the UK, a list of validated blood pressure monitoring devices is available from the British Hypertension Society website (www.bhsoc.org). Blood pressure can be measured in the clinical setting, via ambulatory blood pressure monitoring, and by the patient using home blood pressure monitoring. The need for training, review of performance, and recommendations for maintenance and calibration of equipment have also been described within national guidelines(151,152).

	1. Reflect/mark an endpoint
1. Significant association between marker and endpoint in a target population 
1. Marker changes consistently with a change in the endpoint 

	The association between blood pressure and cardiovascular disease risk is linear and definitions for stages of hypertension to guide therapy exist(151,152). Both systolic and diastolic blood pressure are used in the clinical diagnosis of hypertension, with the reading reported as systolic/diastolic. Stage 1 hypertension is defined as clinic blood pressure ≥140/90 mmHg; stage 2 hypertension as ≥ 160/100 mmHg or higher, while severe hypertension is defined as systolic blood pressure ≥ 180 mmHg or diastolic blood pressure ≥ 110 mmHg. Hypertension is an established risk factor for CVD, and lowering of blood pressure results in lowering of CVD risk. Clinical guidelines for pharmacological management of hypertension are available(151, 152). Blood pressure assessment is included in all cardiovascular risk screening tools, such as Q-RISK2, Framingham and JBS3. In a recent review of trial data, Law et al., 2009(153) estimated an approximate 50% reduction in CVD events per 20 mm Hg reduction in systolic BP, which is similar to that expected from the epidemiological evidence for CVD mortality from the Prospective Studies Collaboration(154).

	1. Must respond to a dietary intervention 
1. Any dietary intervention should induce a meaningful change in the marker (meaningful refers to 2.ii )
1. Lifestyle changes (which may include changes in the diet) may also include a meaningful (meaningful refers to 2.ii ) change in the marker

	Blood pressure is normally distributed in the population and there is no natural cut-point above which hypertension definitively exists and below which it does not, with the increased disease risks associated with increasing blood pressure being continuous(152). Clinical management guidelines have, however, been suggested (See earlier).

Clinical management guidelines include lifestyle advice, such as sodium, alcohol and caffeine reduction(152) and below(151).



Table S8. Lifestyle Modifications to Manage Hypertension* (modified after JAMA 2003; 289: 2560-71)

	Modification
	Recommendation
	Approximate Systolic BP Reduction, Range


	Weight reduction
	Maintain normal body weight (BMI, 18.5-24.9)
	5-20 mm Hg/10-kg weight loss


	Adopt DASH eating plan
	Consume a diet rich in fruits, vegetables, and low-fat dairy products with a reduced content of saturated and total fat
	8-14 mm Hg

	Dietary sodium reduction
	Reduce dietary sodium intake to no more than 100 mEq/L (2.4 g sodium or 6 g sodium chloride)
	2-8 mm Hg

	Physical activity
	Engage in regular aerobic physical activity such as brisk walking (at least 30 minutes per day, most days of the week)
	4-9 mm Hg

	Moderation of alcohol consumption
	Limit consumption to no more than 2 drinks per day (1 oz or 30 mL ethanol [eg, 24 oz beer, 10 oz wine, or 3 oz 80-proof whiskey]) in most men and no more than 1 drink per day in women and lighter-weight persons
	2-4 mm Hg



Abbreviations: BMI, body mass index calculated as weight in kilograms divided by the square of height in meters; BP, blood pressure; DASH, Dietary Approaches to Stop Hypertension. 
*For overall cardiovascular risk reduction, stop smoking. The effects of implementing these modifications are dose and time dependent and could be higher for some individuals.

The recent JBS3 guidelines(47) suggest that body weight reduction, reduced salt intake, limitation of alcohol consumption to < 3 units per day for males and < 2 units per day for females, increased physical activity, increased fruit and vegetable consumption, and reduced total fat and saturated fat intake can all reduce blood pressure(47). A systematic review of randomised clinical trials suggests improved diet, aerobic exercise, alcohol and sodium restriction, and fish oil supplements all reduce both systolic and diastolic blood pressure, but that relaxation therapies, calcium, magnesium or potassium supplements have no effect on blood pressure(155).

	Conclusions
	Elevated blood pressure is accepted as a risk factor for CVD and as an indicator of increased risk, and is reversible by lifestyle and dietary changes.
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Specific field and related marker: Glucose intolerance and type-2 diabetes – branched chain amino acids and their derivatives 

	Criteria Identified at the workshop
	Comments (what should be included)

	1. Analytical aspects
i. Method should be validated according to recognised guidelines. 
ii. This should include for example: robustness, appropriate analytical sensitivity and specificity, reproducibility accuracy, quality assurance, standardization, traceability, stability (quality of the sample). These guidelines can be specific per marker, it apply equally well to biological markers, imaging, questionnaires, etc.
	The branched chain amino acids and their derivatives (valine, leucine, isoleucine, 3-methyl-2-oxovalerate, 3-methyl-2-oxobutyrate, 4-methyl-2-oxopentanoate) have been consistently identified as plasma/serum biomarkers of hyperglycaemia, insulin resistance and type 2 diabetes in cohort studies where metabolomics/metabolic profiling approaches were used. The metabolomics or metabolic profiling approaches applied in the different studies differ from each other. Most were mass spectroscopy (MS)-based techniques, which allow the simultaneous analysis of several hundred metabolites in a single sample. Metabolomics/metabolic profiling offers considerable potential for identification of new biomarkers, but still lacks well established and standardized methods or procedures and therefore there can be differences in reproducibility and quality assurance. To correct for deviations due to saturation of LC/GC columns, for example, it is important to add a quality control (QC) sample at regular intervals during the analysis sequence (one QC after every 10 samples). A QC sample can be prepared by pooling, for example, plasma from all subjects. It serves to monitor regularly the LC/GC-MS response time and to calibrate the data. Furthermore, these methods report semi-quantitative concentrations against internal standards. Finally, besides method of sample taking and preservation, stability of the metabolites depends on the analysis method used. The performance of the method for the different metabolites quantified can be reported by the relative standard deviation (RSD) and should be reported per identified biomarker. Only metabolites with a precision of less than 20% in terms of RSD should be considered. However, the RSD of the markers identified is often not reported. A comprehensive review on limitations and recommendations of MS-based technology in nutrition research was provided by Scalbert et al., 2009(156). 

	1. Reflect/mark an endpoint
1. Significant association between marker and endpoint in a target population 
1. Changes in the marker are associated with consistent change in the endpoint 

	Elevated concentrations of the branched chain amino acids and their derivatives have been associated with insulin resistance and type 2 diabetes in several cohorts(157-160). Studies cited also performed clinical validation of findings in independent cohorts. Recently, elevated concentrations of branched chain amino acids and their derivatives have also been identified in subjects with impaired fasting glucose. This suggests that higher blood concentrations of these markers are associated with the prediabetic to the diabetic state(161,162). Furthermore, elevated concentrations of the branched chain amino acids were found to predict future risk of type 2 diabetes, and this finding was confirmed in an independent prospective cohort(160). The branched chain amino acid response to an OGTT was found to be blunted in subjects with insulin resistance(163).

Gastric bypass surgery results in the rapid resolution of type 2 diabetes. Total amino acids and branched chain amino acids decreased after gastric bypass surgery (n=10+6, two cohorts), but not after dietary intervention inducing weight loss (n=11+6, two cohorts). Metabolites derived from branched chain amino acid oxidation also decreased only after gastric bypass surgery. These data suggest that the decrease in circulating amino acids after gastric bypass surgery occurs by mechanisms other than weight loss and may contribute to the better improvement in glucose homeostasis observed with the surgical intervention(164). Recently, it was found that gastric bypass surgery resulted in elevated levels of branched chain amino acids (n=4 patients). The simultaneous increase in branched-chain amino acid with resolution of type 2 diabetes questions their role as a marker for insulin resistance(165). The reason for the difference between the two studies is not known, although there were differences in study design and number of subjects.

In conclusion, a significant association between this marker and endpoint has consistently been found. Also, there are indications that changes in the marker are associated with changes in the endpoint shown by gastric bypass surgery. However, this biomarker profile has so far only been used at a group level and has not been used for diagnostic purposes at an individual level.

	1. Must respond to a dietary intervention (Is sensitive to nutrition intervention?) 
1. Do dietary intervention induce a meaningful change in the marker (meaningful refers to 2.ii )
1. Do other lifestyle changes (which may include changes in the diet) induce a meaningful (meaningful refers to 2.ii) change in the marker?

	The Study of the Effects of Diet on Metabolism and Nutrition (STEDMAN) observed a persistent reduction in free fatty acids, branched chain amino acids, and related metabolites, associated with weight loss, that may contribute to improved insulin action(166).
In a double-blind placebo-controlled, crossover study with treatment periods of 5 weeks significant lowering of plasma concentrations of branched chain amino acids and derivatives amongst other findings after dietary intervention with an anti-inflammatory mixture in 36 overweight subjects was reported(167). This study detected a multitude of subtle changes were detected by an integrated analysis of the "omics" data, which indicated modulated inflammation of adipose tissue, improved endothelial function, affected oxidative stress, and increased liver fatty acid oxidation. Glucose and insulin were not changed due to the dietary intervention, but other markers related to glucose metabolism, such as 1,5-anhydroglucitol – a marker for glycaemic control – and GLP-1, an incretin secreted in the gut inducing glucose-dependent stimulation of insulin secretion while suppressing glucagon secretion, were changed. This indicates that branched chain amino acids may be early and sensitive markers for changes in glucose metabolism. 

Insulin resistance (IR) improves with weight loss, but this response is heterogeneous. Interestingly, a cluster of metabolites comprising branched chain amino acids and related analytes predicts improvement in the Homeostasis Model Assessment of insulin resistance (HOMA-IR) independent of the amount of weight lost. These findings were validated in the independent cohort, with a factor composed of branched chain amino acids and related metabolites predicting ∆HOMA-IR (p = 0.007). These results may help identify individuals most likely to benefit from moderate weight loss and elucidate novel mechanisms of IR in obesity(168).

Together, these results show that the branched chain amino acids and derivatives are sensitive to dietary modulation and that dietary interventions are able to induce a meaningful change to these markers. Weight loss is well known for improving insulin sensitivity. This has been associated with decreased levels of branched amino acids and derivatives. The study of Bakker et al. (2010) indicated that branched chain amino acids may be early and sensitive nutritional markers for modulation of glucose metabolism. Interestingly, Shah et al. (2012)(168) showed that branched chain amino acids and derivatives could also be considered as markers for susceptibility to successful dietary intervention.

	Conclusions
	Branched chain amino acids and derivatives are promising ‘new’ biomarkers for glucose intolerance, type 2 diabetes and nutritional modulation of glucose metabolism. These biomarkers were identified by applying metabolomics/metabolic profiling techniques in diverse cohorts and intervention studies. The laboratory methodology to measure them is currently not established enough to make these markers commonly accepted by a wide audience yet.
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[bookmark: _Toc428179446][bookmark: _Toc430680388]Specific field and related marker: Polyunsaturated fatty acid synthetic capacity – FADS1 Polymorphisms

	Criteria Identified at the workshop
	Comments (what should be included)

	1) Analytical aspects
i. Method should be validated according to recognised guidelines. 
ii. This should include for example: robustness, appropriate analytical sensitivity and specificity, reproducibility accuracy, quality assurance, standardization, traceability, stability (quality of the sample). These guidelines can be specific per marker, it apply equally well to biological markers, imaging, questionnaires, etc.
	A Single Nucleotide Polymorphism (SNP) is a mutation where a single base in the DNA sequence differs from the usual base at that position. SNPs are the marker of choice in genetic analysis and also useful in locating genes associated with diseases. Recent advances in sequencing technology make it possible to comprehensively catalogue genetic variation in population samples, creating a foundation for understanding human disease, ancestry and evolution(169). 

The enzyme δ-5 desaturase (D5D), encoded by the gene fatty acid desaturase 1 (FADS1), catalyzes one step of the pathway of conversion of linoleic acid (LA; an omega-6 fatty acid) into the long-chain polyunsaturated fatty acid (LC-PUFA) arachidonic acid (AA) and of α-linolenic acid (ALA; an omega-3 fatty acid) into the LC-PUFAs eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). The minor alleles of SNPs rs174468, rs174537, rs174545, rs174546, rs174556 and rs174561 are associated with a decline in desaturase activity. This decline leads to increased levels of desaturase substrates (omega-6 LA, EDA, DGLA; omega-3 ALA) and decreased levels of desaturase products (omega-6 GLA, AA, Adrenic acid; omega-3 EPA, DPA, DHA). The minor allele frequencies of the SNP variants that result in a reduced δ-5 desaturase (D5D) activity range from 9-15% in the general population: rs174468-AA: 15%; rs174537-TT: 11%; rs174545-GG:11%; rs174546-TT:11%; rs174556-TT:9% and rs174561-CC:9% 

Methods for SNP analysis are well established. There are many on-line and stand-alone tools to analyse the SNPs. The regulation of analytical validity is relatively straightforward and many countries have their own laboratory accreditation procedures that cover accuracy and reproducibility. 

	2) Reflect/mark an endpoint
i. Significant association between marker and endpoint in a target population 
ii. Changes in the marker are associated with consistent change in the endpoint 

	Only two direct associations between FADS1 polymorphisms and disease have been reported so far. The rs174537 minor T allele has been associated with a reduced cardiovascular risk (higher LA, lower AA, lower ratio AA/DGLA, lower ratio AA/LA; reduced total + LDL cholesterol and lipid peroxides) in a case-control study amongst 1646 Korean subjects(170). The rs174556 minor T-allele was shown to have a lower prevalence (lower Odds ratio) for atopic eczema in a cohort of 727 adults(171). 
These loss-of-function mutations are associated with a decline in FADS1 enzyme activity that results in lower levels of desaturase products AA, EPA and DHA, which are known to have a causal effect on disease outcome(172). PUFA status has been associated with several complex diseases, such as metabolic syndrome, cardiovascular disease, psychiatric diseases, cognitive development and immune-related diseases(173-178).
Although there is a clear relationship between genetic variants of FADS1 and changes in PUFA concentrations, the underlying biological mechanism of any relationship between these genetic variants and health outcome (CVD, atopic diseases, child cognition) is complex(179-181). Besides, these are multifactorial diseases and FADS1 is not the only influencing factor. AA can act as a substrate for inflammatory eicosanoids, and high concentrations of AA have been associated with an increased risk of CVD and allergic diseases; whereas higher concentrations of EPA and DHA have been demonstrated to reduce CVD risk factors and allergic diseases; and favour the cognitive development of children(182,183). To date, it is unclear whether mutations in FADS1 and consequently reduced LC-PUFA are risk factors for complex diseases in humans.

A relatively small increase of ≈20% in desaturase activity was associated with a ≈100% increase in the concentration of the inflammatory marker hs-CRP in a study of Martinelli et al. (2008)(178). 

	3) Must respond to a dietary intervention (Is sensitive to nutrition intervention?) 
1. Do dietary intervention induce a meaningful change in the marker (meaningful refers to 2.ii )
1. Do other lifestyle changes (which may include changes in the diet) induce a meaningful (meaningful refers to 2.ii) change in the marker?

	Several studies show that plasma levels of PUFA, but also D5D activity can be modulated by a dietary intervention in subjects with the minor FADS1 loss-of-function variant alleles(184-188). 
Results of a controlled dietary intervention study indicate that hypercholesterolemic subjects homozygous for a minor allele (rs174537, rs174545, rs174561) have ~50% lower plasma EPA proportions and may be predisposed to increased CVD risk(185). An increase in intake of ALA of 10% of energy in the diet compensated for the lower apparent FADS activity and these individuals obtained higher EPA concentrations, beyond that of major allele carriers consuming a typical Western diet (high omega-6 LA)(185). 
In general, dietary approaches are designed to increase the omega-3/omega 6 ratio leading to less n-6 AA and higher levels of n-3 EPA and DHA. The benefit for individuals carrying the minor allele of increasing dietary intake of EPA and DHA seems plausible as the FADS1 enzyme increases the production of LC-omega-3-PUFA leading to relatively more anti-inflammatory eicosanoids and less pro-inflammatory eicosanoids(184,186). The dietary effects on the health outcome for subjects carrying the loss-of-function genetic variants of FADS1 is unknown. So far, no study have been performed that directly shows that a loss-of-function FADS1 carrier will improve long-term health outcome by maintaining a good omega-3/omega-6 balance and increasing the dietary intake of omega-3 LC-PUFA. In epidemiological and clinical trials it has been shown that omega-3 LC-PUFA EPA and DHA reduce the incidence of CVD(189), possibly modulate inflammatory responses(190); and play an important role in growth and function of nervous tissue(191).

	Conclusions
	FADS1 polymorphisms are promising ‘new’ biomarkers for susceptibility to metabolic syndrome, cardiovascular disease, and other disease endpoints related to PUFA status. The susceptibility for these diseases can potentially be modulated by diet. Methods for SNP analysis are well established and accepted. 
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[bookmark: _Toc430680389]Specific field and related marker: Intestinal Barrier Function (Intestinal permeability) - Lactulose/mannitol ratio urinary test

	Criteria Identified at the workshop
	Comments

	1. Analytical aspects
i. Method should be validated according to recognised guidelines.
ii. This should include for example: robustness, appropriate analytical sensitivity and specificity, reproducibility accuracy, quality assurance, standardization, traceability, stability (quality of the sample). These guidelines can be specific per marker, it apply equally well to biological markers, imaging, questionnaires, etc.
	Permeability of the gut barrier is commonly assessed by measuring the ratio of lactulose/mannitol in urine after ingestion of a given dose of both undigested sugars. Diffusion of molecules through the gut barrier is inversely related to the square root of their molecular weight, and depends on the diameter of the molecule. Mannitol has a smaller diameter than lactulose (0.8 vs 1 nm) and therefore the recovery of mannitol in urine (16-20%) is higher than that of lactulose (0.2 -0.8 %) in healthy humans and in most animal models(192). Increased urinary appearance of lactulose relative to mannitol represents abnormal permeability of the gut barrier. The main advantage of this method is to reduce the inter-individual variability of gut permeability itself by using a ratio with a physiological reference. This test was described for the first time in 1978(193)and became well-accepted thereafter(194) perhaps because of its ease of use in the field. Urinary concentrations of both lactulose and mannitol are measured by HPLC (High Pressure Liquid Chromatography) which can be considered as a validated method. Robustness is not reported in the literature. Analytical sensitivity is 5% for lactulose, and 1.3% for mannitol using HPLC. Specificity of HPLC is 99.9%(195). Repeatability within run is 10%, between run is 20%(196).There is a 97% linearity in analytical results with increasing doses from 3 to 100 mg/l using double logarithmic coordinates(195).
A 30% change of the ratio was used to calculate the sample size in a trial investigating the effects of alanyl-glutamine in HIV patients(197).

The dose of sugars to be used in the test are not yet harmonised. A commonly used protocol in adults is as follows: Ingestion of 5 g of lactulose and 2 g of mannitol in 150 ml water. Urine is collected from 0-2 hours, or 0-4 hours after ingestion. Lactulose and mannitol passing through the intestinal barrier enter the systemic circulation do not undergo any metabolism (as demonstrated by intravenous injection of labelled lactulose and mannitol in humans(198)) and are excreted unchanged in the urine. Short urine collection periods (≤ 4 h) are optimal as there is a good correlation (r=0.88) between blood and urine concentration (Fleming et al., 1996). Samples can be frozen and are stable at -40°.

The lactulose/mannitol test replaces two earlier markers: One is the use of a radio-labelled compound (Chromium)(199) and the other is the use of a non-absorbable marker, PEG(200) (See review by Mishra et al., (2012)(201). The main improvement provided by the lactulose/mannitol ratio is to reduce inter-subject variability to 12 % (from 65-90%), because part of the individual physiological variability affects the “referent” sugar and is not affecting the ratio. However the test also offers practical advantages; radio-labelled markers are less easy to use, and PEG is not easy to measure or to use in foods.


	1. Reflect/mark an endpoint
iii. Significant association between marker and endpoint in a target population 
iv. Changes in the marker are associated with consistent change in the endpoint 

	Abnormal permeability of the gut barrier is expected in many diseases, and an abnormal test has been reported in many of these including irritable bowel disease (IBD), irritable bowel syndrome (IBS), coeliac disease, colon cancer, diabetes, food allergy, and diarrhoea. 
The marker (i.e. the ratio) directly reflects the end-point (i.e. gut permeability). However the marker does not represent gut permeability in its broadest sense since it does not assess aspects such as microbial, microbial product or antigen permeability.
It is used for colonic assessment although fermentation may reduce the amount of available substrate.

For active coeliac disease, specificity is 54%, sensitivity 89%, and negative predictive value 95%(202). Similarly Johnston et al. (2000)(203) reported a sensitivity of 87%. Vogelsang et al. (1998)(204) reported a low specificity (no value) as many diseases are associated with an increased permeability, and a high sensitivity, near 100%.
In Crohn’s disease, Andre et al. (1988)(205) reported a sensitivity of 84% with a cut-off point at 0.018 when healthy controls are around 0.012. 
The inter-subject variability is expressed by a SEM of 0.003 around a mean value of 0.02 in groups of 30 to 50 healthy subjects.

The range for use is not dependent on aging(206) and the test is valid in children(207).

Values reported for normal controls are (mean or median): 0.014 to 0.020 depending on teams and laboratories.
Values reported for diseases are: 
Coeliac Disease: median: 0.038, mean: 0.163
Cut-off point (for malabsorption syndrome, including Coeliac disease) suggested at 0.049(208) using NMR spectroscopy analysis
Crohn’s Disease: mean in remission: 0.021; active: 0.0763
Cut-off point proposed at 0.022(209)
Liver cirrhosis: mean: 0.0517 

Cut-off for IBS: 0.020(210).

Common use(s):
It is used in clinical practice to assess the severity of a disease, and/or the efficacy of a treatment and/or for the prognostic of a disease.
It is used also to screen for Coeliac diseases, or in epidemiology.

	1. Must respond to a dietary intervention
i. Any dietary intervention should induce a meaningful change in the marker (meaningful refers to 2.ii )
ii. Lifestyle changes (which may include changes in the diet) may also include a meaningful (meaningful refers to 2.ii ) change in the marker

	A gluten free diet improved the lactulose/mannitol ratio in patients with coeliac disease suggesting intestinal permeability had been decreased(211)
Before the test: 0.388, (0.062-0.804) n = 28,
After the gluten-free diet: 0.085, (0.021-0.230) n = 19

A dietary supplement of either alanine/glutamine or zinc improved the lactulose/mannitol ratio in HIV patients (212)
Before the Zn supplement: 0.35 (0.16 -0.52) control: 0.29 (0.14 – 0.46)
After the Zn supplement: 0.09 (0.08 -0.14)

Alanine/glutamine 
Before 0.02 (0 – 0.19) After control: 0.02 (0 – 0.24), n=17
After die : 0.01 (0 – 0.41), n= 20

A probiotic mixture of S. thermophilus, L. bulgaricus, L. acidophilus and B. longum reduced significantly the lactulose/mannitol ratio from 0.038 (+ 0.024) to 0.023 (+ 0.020) in 30 IBS patients(213).

No report was found on effect of life-style on gut permeability as measured by the lactulose/mannitol ratio, but intensive sports activities are known to temporarily increase gut permeability.
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[bookmark: _Toc428179448][bookmark: _Toc430680390]Specific field and related marker: Energetics/Obesity - Energy expenditure: Doubly labelled water

	Criteria Identified at the workshop
	Comments

	1) Analytical aspects
i. A) Method should be validated according to recognised guidelines.
ii. This should include for example: robustness, appropriate analytical sensitivity and specificity, reproducibility accuracy, quality assurance, standardization, traceability, stability (quality of the sample). These guidelines can be specific per marker, it apply equally well to biological markers, imaging, questionnaires, etc.


	Doubly labelled water (DLW) refers to water (H2O) labelled with the heavy, non-radioactive forms of the elements deuterium and oxygen-18 (D218O). DLW can be used to determine metabolic rate (i.e. energy expenditure). This is done by administering a dose of DLW and then measuring the elimination rates of deuterium and 18O over time through the sampling of body water (e.g. saliva, urine, or blood). The minimum number of samples required is two, an initial sample after DLW intake when the isotopes have reached equilibrium in the body, and a second sample some time later. The time between the collecting of these samples depends on size of the animal involved. 

Lifson et al. (1955)(214) first used stable isotope labelling to measure energy expenditure based on the exponential disappearance from the body of the stable isotopes ²H and 18O after a bolus dose of water labelled with both isotopes. The ²H is lost as water and the 18O both as water and CO2. After correction, the excess disappearance rate of 18O relative to ²H is a measure of the CO2 production rate. This rate can be converted to an estimate of total energy expenditure. The first application of this approach to humans was by Schoeller et al. (1982)(215). A review of existing data in 1999 provided the basis for validation of the method(216). The “gold standard” status of the method was confirmed in the 2001 FAO/WHO report on human energy requirements.

Although the sophistication of isotope ratio mass spectrometry provides a high level of precision, the limitation of the approach is the equation used to extrapolate energy expenditure from CO2 appearance, as burning fat or sugar produces different amounts of CO2 for the same amount of energy production. The Atwater energy equivalents of 16.7, 16.7 and 37.7 kJ/g of protein, carbohydrate and fat, respectively, are the standard values used. Therefore the precise contribution of different macronutrients, including alcohol, to energy expenditure will have an influence on the conversion rate of CO² to energy, and this “fuel mix” will differ in different physiological and pathological states(217, 218). 
[bookmark: P3_25]The FAO/WHO report on “Human energy requirements: where are we now? Issues emerging from the 2001 Expert Consultation on Energy in Human Nutrition”(219) stated that the DLW method is a gold standard. It mentions also that it could be used to assess energy intake as a surrogate marker when weight is stable. It reconfirmed the view that estimates of energy requirement refer to groups and not to the individual per se and that these recommendations for energy requirements of individuals are the mean of the group with no safe margin as with other nutrients.
The DLW technique has a reported precision of ± 3%; thus the method serves as a reference for validating other instruments or methods designed to measure energy expenditure.

The marker can be assessed in a wide range of individuals, from infancy to adulthood and the elderly, from underfed to overfed subjects, over lengthy time periods, usually between 4 and 21 days, which is advantageous for capturing habitual energy expenditure patterns. However, the cost of materials and expertise required to analyse the isotope concentrations via mass spectrometry prohibits the use of DLW in large epidemiological studies.

A typical study protocol using the DLW method starts with a urine collection before the dose to determine baseline values for the hydrogen and oxygen isotopes. The subject is given a single oral bolus dose of heavy water (D218O). Generally, adults are given a dose consisting of 0.15 g D218O /kg body weight and 0.06 g H218O/kg body weight. Children and neonates are given higher doses due to their faster water turnover rates. Following the administration of the dose, urine is collected during the observation period. Two study designs have been validated to measure energy expenditure. One protocol design extensively tested by Schoeller et al. is the two-point method, urine samples at the beginning and end of the observation period are used to determine the isotope elimination rates. Another protocol reported by Klein et al. (1984)(220) and Coward et al. (1985)(221), calculates the isotopic elimination rates from regression analysis of multiple samples collected periodically throughout the metabolic period rather than from just the initial and final samples. Recently, Coward has reported that the two methods give equivalent estimates of energy expenditure. 

All urine samples should be collected in non-acidified plastic bottles. The urine should be aliquoted immediately into smaller plastic tubes (about 5 ml urine) and stored frozen (-20 °C) until analysis. It is preferable that plastic tubes which have been specifically designed for storage at low temperatures be used. 

The long term reproducibility of fractionation turnover rates of H² and O18 has been reported recently to be within 1% and 5% respectively(222)

The marker has been validated against in-door calorimetry. Validation against direct calorimetry in a closed chamber: -14 to + 4%(223).

The DLW method provides an estimate of energy expenditure over a period of 10–20 days but it is not capable of discerning day-to-day changes(224). 
 
Regardless of the protocol design, a urine or saliva sample is collected within the first six hours to determine total body water (TBW). 
A second dose of doubly labelled water is administered at the end of the study period and urine or saliva collected after 3 to 6 hours for a second determination of TBW. 
 
DLW is the first technique to measure energy expenditure outside of direct or indirect calorimetric chambers. 

	2) Reflect/mark an endpoint
1. Significant association between marker and endpoint in a target population 



1. Marker changes consistently with a change in the endpoint 
	Results of the DLW technique provide a measure of total energy expenditure and can be used to measure energy intake when weight is stable. However the macronutrient mix being used as a fuel can change over time, with physiological state and with illness or disease and this can impact the Respiratory Quotient. 

O2 consumption and energy expenditure are correlated.

Inter-laboratory variability is “substantial”(225)

Intra-individual variability is 7.8 % (Schoeller et al., 1996)

The Table below summarises advantages and limitations of the doubly-labelled water technique.

	3) Must respond to a dietary intervention 
1. Any dietary intervention should induce a meaningful change in the marker (meaningful refers to 2.ii )
1. Lifestyle changes (which may include changes in the diet) may also include a meaningful (meaningful refers to 2.ii ) change in the marker

	Weight loss induced by dietary restriction decreased daily energy expenditure by 0.6±0.4 MJ in a group of 66 overweight people(226).
A significant increase of resting energy expenditure was reported after overfeeding with protein intake in 25 young adults consuming either a low (5 %), normal (15%) or high (25 %) protein dietary supplement. With the 5 % supplement there was no significant change: mean = 0 – 1000 to + 2000 KJ/d), for the normal (-200 to + 4000 KJ/d ) and high (+ 1500 to + 3800 KJ/d) protein supplement there was a significant increase: mean + 2000 KJ/d, (n= 8)(227).
Total energy expenditure (short sleep: 2589.2 ± 526.5 kcal/d; habitual sleep: 2611.1 ± 529.0 kcal/d; P = 0.832) did not differ significantly between sleep phases in a group of 30 subjects(228).

An energy intake restriction significantly reduced energy expenditure in normal subjects from 200 to 300 ± 100 Kcal/d (229).

	Conclusions


	The measurement of O² consumption is useful in groups of subjects for a “long” period of time from 2 to 4 weeks, but not in individual, or for short (one day) periods.
It is sensitive to the fat mass of people.
It is the best method for free-living energy expenditure assessment.
The main use is epidemiology, and energy intake assessment.
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Table S9. Advantages and limitations of doubly-labelled water technique
	Advantages
	Limitations

	Provides an estimate of habitual TEE in free-living individuals
	Does not provide data on day-to-day changes in TEE

	Provides an estimate of cumulative TEE over a period of time
	Does not provide data on the daily pattern of physical activity

	Safe (non-radioactive) for studies in pregnancy, infancy and the elderly
	Stable isotope expensive and in short supply

	Easy to administer to infants and the very elderly
	Analytical equipment and infrastructure expensive

	Easy collection of samples (saliva or urine) for analysis
	 

	Easy sample storage and transport for analysis
	 

	Provides a measure of body composition of the subject
	 

	Can be used to estimate maternal breast milk output and milk consumption by breastfed infants
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Table 1. Training and Quality Improvement Protocol

Elements Scanning Measurement
Manuals Subjects: written procedure description Explicit written measurement protocol documentation
Sonographers: to enhance consistency
Succinct protocol flow sheet at station Manual and automated measurements:
Longer protocol documentation manual Frame and segment selection
Criteria for unmeasurable studies
‘Worksheets Record subject factors: Log book to track status of studies
Tf incligible, why Worksheet to record technical quality of study
Potential FMD modifiers (e.g., food)
Blood pressure and cuff inflation pressure
Record-scan factors
Training Scientific Rationale and Physiology of FMD
Basic knowledge of ultrasound equipment, two-dimensional and ~ Qualification criteria
Doppler analysis Training period with close supervision and feedback
Demonstrate technical tips and pitfalls Formal observer-specific reproducibility assessment
Ergonomic issues Minimum number of studies:
Qualification criteria At least 100 supervised scans prior to scanning
Training period with close supervision independently
Periodic review of scan performance All observers from a given study measure 100
Minimum number of studies: studies together prior to reading independently
At least 100 supervised scans prior to scanning independently At least 100 scans per year to maintain
At least 100 scans per year to maintain competency competency
Reproducibility Tmage variability Multisite studies should have core reading laboratory,
In single-site study, each sonographer scans the same intra- and interobserver variability, temporal variability

Descriptive Statistics

Data Cleaning

Laboratory Meetings

Education

Certification

participants to assess for systematic differences

Statistics

Correlations, mean and absolute differences, components of vasiability (systematic vs. random differences)
Assess on baseline and peak deflation diameters and FMD. Doppler, if assessed.
Assess for systematic differences by sonographer and by site Assess for systematic differences by observer and by site

Routine Studies

Mean baseline and peak deflation diameters and FMD. Doppler data, if reported.
Per time period and over time to assess for secular drifts in measurements
Missing worksheet or measurement data
Criteria to re-evaluate study: range checks, consistency checks
Periodic laboratory meetings
Review work flow, compliance with scan and measurement protocols
Measure random and difficult studies together
Review results of data cleaning and reproducibility analyses
Initial training is most cfficiently gained by visiting experienced laboratories
The field would benefit from the availability of more formal course opportunities
Although noninvasive measurement of endothelial function is a research tool, certification will remain study-specific
Prior to becoming a clinical tool, formal certification requirements, courses and ongoing continuing medical education will be
necessary

FMD = flow-mediated vasodilation.
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