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revision. Secondly, it would help nutrition professionals (particularly those working as
practitioners) make more informed recommendations around nitrate intake — something which
is likely to be increasingly important in the coming years given the rising interest in nitrate
amongst researchers and the public. Interestingly, most nutrition professionals showed good
knowledge of dietary sources of nitrate and factors that influence the food content of this
compound. This suggests that most nutrition professionals would be able to make
recommendations as to how to increase or decrease intake of dietary nitrate. However, as
discussed above, until recently such advice focused exclusively on reduction of what was
considered a contamination risk. So, nutrition professionals are now faced with the much more
challenging task to assess in which cases increased nitrate intake might be recommended and

if so by how much.

Overall knowledge of inorganic nitrate, as reflected by the Nitrate Knowledge Index, was
significantly better in individuals with a PhD and tended to be better in those possessing a
Masters degree compared with those possessing an undergraduate level qualification. Less
than half of all individuals with an undergraduate level qualification had heard of inorganic
nitrate, and these participants were generally unsure about the physiological effects, habitual
consumption, sources, and metabolism of nitrate. This finding is broadly consistent with
previous studies which show greater knowledge of single dietary compounds such as sodium
in individuals with a higher education level [41]. Greater coverage of nitrate in undergraduate
level nutrition courses could be of particular value. Given the breadth of nitrate research
including investigation of cellular mechanisms using in vivo and in vitro models, whole body
physiology in clinical trials, epidemiology and public health, nitrate could serve as an excellent
exemplar for teaching about nutrition research methodology. Increased awareness of dietary

nitrate in nutrition professionals could also have implications for improving cardiovascular
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health in the general population given over 25 % of adults in the UK possess elevated BP [42],
and this polyatomic ion could represent a potential therapeutic intervention to target these ‘at

risk’ individuals.

Strengths and limitations

This study provides novel information on nitrate knowledge and beliefs among nutrition
professionals, using a new questionnaire which could be used to evaluate nitrate knowledge
and beliefs in other groups of professionals or other countries. Nevertheless, our study has
certain limitations. The sample size in this investigation was relatively modest and self-
selected, making it possible that our results may not be fully representative of the community
of nutrition professionals. We attempted to reach as wide an audience as possible by circulating
the questionnaire through several nutrition societies and universities, but it is possible that we
did not reach all relevant groups of nutrition professionals. Importantly, those who responded
to the questionnaire may have a greater interest in nitrate than non-respondents, potentially
skewing our results to suggest greater nitrate knowledge than is present in the whole field of
nutrition professionals [43]. We provide new information on differences in nitrate knowledge
based on education level, which could be used to inform curriculum development on nutrition-
related courses including Continued Professional Development. However, we were unable to
compare knowledge of nitrate between individuals employed in different fields of nutrition
because many participants identified simultaneously practicing across a range of different
nutrition areas. Therefore, potential differences in nitrate knowledge between nutrition

professionals with different academic and non-academic roles remains unclear.
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Conclusion

This study provides novel information on knowledge of and beliefs about inorganic nitrate
among nutrition professionals. Our findings suggest that whilst many nutrition professionals
have good awareness of dietary sources of this inorganic anion and of the factors affecting the
food content of nitrate, knowledge of health-related effects of nitrate are more variable, which
may reflect the rapidly evolving state of the knowledge in this nascent research area.
Knowledge of current and recommended values for nitrate intake was generally poor, and
knowledge was overall much lower in those with an undergraduate versus Masters or PhD level
qualification. Increasing education about inorganic nitrate and its impact on health, with an
emphasis on recent developments in the scientific consensus, particularly at undergraduate
level, but also as among graduates, may be advantageous to empower nutrition professionals
to make more informed recommendations about this compound and adapt appropriately to new

developments.
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Table 1 Participant characteristics

BMJ Open

Participant characteristic

Gender
Male
Female

oNOYTULT D WN =

Age (years)
9 <30
10 31-40
11 41-50
51-60
61-70
13 >71

15 Highest qualification

Undergraduate degree or below
16 Master’s degree or equivalent
17 PhD

23
48
29

18 N.B. Data on participant highest qualification was available for n=124.
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Table 2 Nitrate knowledge in the overall cohort and when stratified by participant qualification status

Page 24 of 39

Question Overall Highest qualification (%) P
(%)
<BSc MSc PhD
Health and performance effects of dietary inorganic nitrate
1. Have you heard of inorganic nitrate?* 0.001
. Yes 71 41 78 86
. No 14 31 10 2.8
. Unsure 15 28 12 11
2. In your opinion, is dietary inorganic nitrate a primarily 0.002
beneficial or harmful nutritional component?
. Beneficial 51 28 63 53
. Harmful 9 10 3 17
. Unsure 35 59 32 19
. Other 5 3 2 11
3. For each of the following variables, please specify if it is
increased or decreased by dietary inorganic nitrate:
. Sports performance” 0.017
o Increase 59 35 71 64
o Decrease 7 14 5 3
o  Unsure 34 52 24 33
e  Blood pressure? 0.016
o Increase 10 7 17 0
o Decrease 54 41 53 69
o Unsure 36 52 31 31
. Glucose levels 0.409
o Increase 5 3 9 0
o Decrease 17 21 15 17
o  Unsure 78 76 76 83
. Lung function 0.179
o Increase 23 21 28 17
o Decrease 4 10 3 0
o  Unsure 73 69 69 83
. Cancer risk 0.697
o Increase 18 17 14 26
o Decrease 12 14 12 11
o Unsure 70 69 74 63
e  Cognitive function 0.113
o Increase 27 11 37 22
o Decrease 2 4 2 3
o  Unsure 71 86 61 75
e  Kidney function 0.619
o Increase 13 21 9 14
o  Decrease 7 7 7 8
o  Unsure 80 72 85 78
Current and recommended intake values for nitrate
4. In the general population, what is the average daily intake of 0.017
dietary inorganic nitrate of an individual?*
. <10 mg/d 6 7 10 0
e 11-50 mg/d 10 7 17 3
. 51-200 mg/d 15 3 14 28
. 201-500 mg/d 3 3 5 0
. 501-750 mg/d 0 0 0 0
. Unsure 65 79 54 69
5. Do you know what is the acceptable daily intake (ADI) of 0.302
dietary inorganic nitrate?*
e  Currently no ADI 11 14 13 6
e 0.2 mg/kg body mass/day 2 3 0 3
o 3.7 mg/kg body mass/day 21 7 24 28
e 14.8 mg/kg body mass/day 2 3 2 0
e 29.6 mg/kg body mass/day 1 3 0 0
Unsure 64 69 61 64
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6. In your opinion, does the ADI for dietary inorganic nitrate 0.828
require revision?
e Yes - it should be higher 15 10 15 18
. Yes — it should be lower 3 2 3
. No 3 0 3 6
. Unsure 80 86 80 74
Dietary sources of inorganic nitrate
7. For the following foods, do you think they typically have a low
(<50 mg/100 g fresh-weight) or high (> 100 mg/100 g fresh-
weight) dietary inorganic nitrate content?
. Spinach? 0.094
o  High 70 55 74 78
o Low 11 10 9 14
e} Unsure 19 35 17 8
. Sausage” 0.087
o High 30 28 22 44
o Low 46 38 54 42
o Unsure 23 35 24 14
. Tomato” 0.131
o High 14 14 20 6
o Low 51 38 48 64
o) Unsure 35 48 32 31
. Beetroot* 0.020
o  High 69 45 76 81
o Low 12 21 9 8
o  Unsure 19 35 16 11
. Chocolate* 0.109
o High 16 10 22 8
o Low 43 38 36 58
o Unsure 41 52 41 33
. Bacon” 0.190
o  High 35 31 27 49
o Low 42 38 51 31
o  Unsure 23 31 22 20
e  Lettuce” 0.362
o  High 42 31 43 50
o Low 33 31 33 33
o Unsure 25 38 24 17
. Radish* 0.189
o  High 52 35 55 64
o Low 20 24 19 17
o  Unsure 27 41 26 19
8. Which of the following factors do you think modify the
inorganic nitrate content of food?
e  Cooking* 0.332
o Yes 59 46 68 53
o No 8 11 7 8
o Unsure 33 43 25 39
. Season” 0.203
o Yes 58 54 54 69
o No 13 7 20 8
o Unsure 28 39 27 22
. Soil conditions” 0.05
o Yes 79 64 80 89
o No 1 0 0 3
o Unsure 20 36 20 8
. Use of fertiliser” 0.176
o Yes 71 57 72 78
o No 4 4 7 0
o Unsure 25 39 21 22
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. Storage conditions” 0.698
o Yes 47 39 50 47
o No 18 14 20 19
o Unsure 35 46 30 33
e  Pickling® 0.171
o Yes 41 29 51 34
o No 14 11 12 20
o Unsure 45 61 37 46
9. How much dietary inorganic nitrate is there, on average, in 0.711
drinking water?*
. < 50 mg/L 40 35 44 39
e  51-100 mg/L 4 7 2 6
. 101-200 mg/L 0 0 0 0
. 201-300 mg/L 0 0 0 0
. Unsure 56 59 54 56
Methods of evaluating inorganic nitrate intake
10. Which biomarker would you choose to evaluate dietary 0.155
inorganic nitrate intake?
. Urinary nitrate 32 31 36 28
. Salivary nitrite 5 7 5 3
. Plasma nitrite 27 17 34 25
. Exhaled nitric oxide 7 3 5 14
. Unsure 27 41 20 25
. Other 2 0 0 6
Nitrate metabolism
11. In the body, which of the following compounds is dietary <0.001
inorganic nitrate converted into?#*
e  (points 23 41 22 9
. 1 points 65 59 71 60
e 2 points 12 0 7 31
12. Which one of these mechanisms is involved in the conversion 0.012
of nitrate into nitrite in the mouth?*
. C reactive protein 2 3 2 3
. Oxyhaemoglobin 2 0 5 0
. Salivary Amylase 19 14 27 11
. Bacterial reductases 36 21 31 58
o Unsure 40 62 36 28

<BSc = highest qualification is an undergraduate degree or below, MSc = Highest qualification is a master’s degree or equivalent, PhD =
highest qualification is a PhD or equivalent. *Potential answers were nitric oxide, nitrosamines, nitroglycerine, carbon dioxide, adrenaline,
glucose, and unsure. Correct answers were nitric oxide and nitrosamines. If participants identified correct and incorrect answers, their score
was capped to 1 point. * Question which were included in the construction of the Nitrate Knowledge Index (i.e. those where clear evidence
exists for a correct answer). Ifalicised answers are those identified as correct and awarded a point on the Nitrate Knowledge Index. For
question 3, only sports performance and blood pressure were included in the Nitrate Knowledge Index, as evidence was deemed to be
ambiguous for other physiological effects. All other questions (2, 6, and 10) were viewed as reflecting beliefs rather than knowledge of
inorganic nitrate.
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FIGURE LEGENDS

Figure 1 A schematic of the KINDS questionnaire development and analysis.

Figure 2 Overall scores for the Nitrate Knowledge Index split by participant highest
qualification. Data are presented as Median [IQR]. *Significantly higher scores compared with
undergraduate level (P = 0.01). Information on participant highest qualification was available
for n=124.
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Initial questionnaire development
- Identification of key areas of interest
- Drafting of questions

Pilot testing
- Circulation to staff and students within the Human Nutrition Research Centre,
Newcastle University, UK
- Reordering and rewording of questions to improve flow and clarity

Data collection

- Circulation to potential participants via UK-based nutrition societies and
universities

Data analysis and write up
- Data analysed to understand nitrate knowledge in UK-based nutriiton
professionals
- Manuscript drafted for publication

Figure 1 A schematic of the KINDS questionnaire development and analysis.
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10

v
Nitrate Knowledge Index Score

T
24 Undergraduate Master's PhD

25 (n=29) (n=59) (n=36)
Highest qualification

29 Figure 2 Overall scores for the Nitrate Knowledge Index split by participant highest qualification. Data are
30 presented as Median [IQR]. *Significantly higher scores compared with undergraduate level (P = 0.01).
31 Information on participant highest qualification was available for n=124.
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1
2

2 Supplementary data file 1: Knowledge of Inorganic Nitrate Dietary Survey (KINDS)

Z OUTLINE

7 Welcome to the KINDS online survey. As part of a study being conducted at Newcastle
8 University we are evaluating knowledge about dietary inorganic nitrate in individuals working
9 in the field of nutrition. In this survey, we start by asking some brief questions about your
10 background, to help us identify factors which might account for differences in knowledge
:; between individuals. We then go on to ask questions around your specific knowledge around
13 the nutritional properties of dietary inorganic nitrate. This questionnaire should take around 5
14 - 10 minutes to complete. All of the information you provide will be anonymous, and will be
15 treated confidentially. The study has been approved by the Newcastle University Ethics
16 Committee (4961/2018).

17

12 GENERAL INFORMATION

20 1. Age (years)

21 e <30

22 e 31-40

23 e 41-50

o e 51-60

2% e 61-70

27 e 70+

28 e Prefer not to say

29

2(1) 2. Gender

32 e Male

33 e Female

34 e Prefer not to say

35 e Other

36

;73 If you selected other, please specify:

23 3. What is your highest qualification?

41 e GCSE/O-levels

42 e A-levels

ji e Undergraduate degree

45 e Master's degree

46 e PhD

47 e Other

48

gg If you selected other, please specify:

51

52

53 4. What is your current position? You may select more than one option.

>4 e Public health nutritionist

3> e Policy maker

56 S

57 e Research scientist

58 e School teacher

59 e University lecturer

60 e Clinician Dietitian
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5. Which of the following nutritional areas are relevant for your work/study? You
may select several options if you are interested in more than one nutritional area.

Nutritionist
Sports nutritionist
Sports trainer
Food scientist
Student
Unemployed
Other

If you selected other, please specify:

Clinical nutrition
Nutritional epidemiology
Molecular nutrition
Sports nutrition

Food processing

Food policy

Animal nutrition
Agriculture

Food marketing
Public health nutrition
Other

If you selected other, please specify:

QUESTIONNAIRE
Have you heard of inorganic nitrate before?
Yes

1.

In your opinion, is dietary inorganic nitrate a primarily beneficial or harmful

No
Un

sure

nutritional component?
Beneficial

Ha
Un

rmful
sure

Other

If you selected other, please specify:

For each of the following variables, please specify if it is increased or decreased by

dietary inorganic nitrate:
Sports performance

o0 Increase
o0 Decrease
o Unsure
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1
2

3

4

5 e Blood pressure

6 0 Increase

7 0 Decrease

8 o Unsure

9

1(1) e Glucose levels

12 0 Increase

13 0 Decrease

14 o Unsure

15

16 e Lung function

17 o Increase

12 0 Decrease

20 0 Unsure

21

22 e Cancer risk

23 0 Increase

;‘5‘ o Decrease

2% 0 Unsure

27

28 e Cognitive function

29 0 Increase

30 0 Decrease

31 o Unsure

32

33 . .

34 e Kidney function

35 0 Increase

36 0 Decrease

37 0 Unsure

38

39

2(1) 4. In the general population, what is the average daily intake of dietary inorganic
42 nitrate of an individual?

43 e <10 mg/day

44 e 11-50 mg/day

22 e 51 -200 mg/day

47 e 201 - 500 mg/day

48 e 501 - 750 mg/day

49 e Unsure

50

g; 5. Do you know what is the acceptable daily intake (ADI) of dietary inorganic
=3 nitrate?

54 e Currently no ADI

55 e 0.2 mg/kg body mass/day
56 e 3.7 mg/kg body mass/day
>7 e 14.8 mg/kg body mass/day
58

59 e 29.6 mg/kg body mass/day
60 e Unsure
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6. Inyour opinion, does the ADI for dietary inorganic nitrate require revision?
Yes - it should be higher

oNOYTULT D WN =

7. For the following foods, do you think they typically have a low (< 50 mg/100 g
freshweight) or high (> 100 mg/100 g fresh-weight) dietary inorganic nitrate

e Yes - it should be lower
e NoO
e Unsure

content?

Spinach
o High
o Low
o Unsure

Sausage
o High
o Low
o Unsure

Tomato
o High
o Low
o Unsure

Beetroot
o High
o Low
o Unsure

Chocolate
o High
o Low
o Unsure

Bacon
o High
o Low
o Unsure

Lettuce
o High
o Low
0 Unsure

Radish
o High
o Low
0 Unsure
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1
2

3 8. Which of the following factors do you think modify the inorganic nitrate content of
: food?

6 e Cooking method

7 o Yes

8 o No

9 0 Unsure

10

11

12 e Season

13 0 Yes

14 o No

15 0 Unsure

16

17 e Soil conditions

18 o Yes

19

20 o No

21 0 Unsure

22

23 e Use of fertiliser

24 0o Yes

2 o No

26

27 0 Unsure

28

29 e Storage conditions
30 o Yes

g; o No

33 0 Unsure

34 o

35 e Pickling

36 o Yes

37 o No

38 o Unsure

39

j? 9. How much dietary inorganic nitrate is there, on average, in drinking water?

42 e <50mg/L

43 e 51-100mg/L

44 e 101-200 mg/L

jg e 201 - 300 mg/L

47 e Unsure

48

49 10. Which biomarker would you choose to evaluate dietary inorganic nitrate intake?
50 e Urinary nitrate

g; e Salivary nitrite

53 e Plasma nitrite

54 e Exhaled nitric oxide

55 e Unsure

36 e Other

57

gg If you selected other, please specify:
60
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11. In the body, which of the following compounds is dietary inorganic nitrate

converted into? You can select multiple answers.

12. Which one of these mechanisms is involved in the conversion of nitrate into

Oxygen
Carbon dioxide
Nitric oxide
Glucose
Adrenalin
Nitroglycerine
Nitrosamines
Unsure

nitrite in the mouth?

C reactive protein
Oxy-Haemoglobin
Salivary amylase
Bacterial reductases
Unsure
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Supplementary data file 2: KINDS Advertisement
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A5, THE KINDS QUESTIONNAIRE

Knowledge of Inorganic Nitrate Dietary Survey

17 PARTICIPANTS WANTED FOR ONLINE SURVEY EVALUATING KNOWLEDGE
18 OF DIETARY INORGANIC NITRATE

Participants are being sought for an anonymous survey conducted by researchers at

2 Newcastle University evaluating knowledge of dietary inorganic nitrate in individuals

22 working in the field of nutrition. Participants are asked to dedicate 5 - 10 minutes of their

23 time to complete the KINDS (Knowledge of Inorganic Nitrate Dietary Survey) questionnaire.
24 If you are willing and able to take part, please click on the link below:

https://newcastle.onlinesurveys.ac.uk/knowledge-of-inorganic-nitrate-dietary-survey-kinds-8

31 Thank you for your time and help.
33 The KINDS Team

36 If you would like to contact us, please email: KINDSTeam.Newcastle@gmail.com
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STROBE 2007 (v4) Statement—Checklist of items that should be included in reports of cross-§gctional studies
. . I
Section/Topic #t em Recommendation Reported on page #
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 1
[e3
(b) Provide in the abstract an informative and balanced summary of what was done and what was®ound 2&3
N
Introduction E
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported g 485
<
Objectives 3 State specific objectives, including any prespecified hypotheses = 5
QD
Methods 3
Study design Present key elements of study design early in the paper =g -7
Setting Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, foIE;w-up, and data 7
collection '§
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants 5 5&7
g.
@
>
(=3
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Gige diagnostic criteria, if 6
applicable 3
Data sources/ 8* For each variable of interest, give sources of data and details of methods of assessment (measure§1ent). Describe 5-7
measurement comparability of assessment methods if there is more than one group <
Bias 9 Describe any efforts to address potential sources of bias ,f 13
W
Study size 10 | Explain how the study size was arrived at ~ 8
(=)
Quantitative variables 11 | Explain how quantitative variables were handled in the analyses. If applicable, describe which gro@ipings were chosen and 78&38
why g
Statistical methods 12 | (a) Describe all statistical methods, including those used to control for confounding § 7&8
(b) Describe any methods used to examine subgroups and interactions g 7&8
(c) Explain how missing data were addressed § N/A
. . . . . o
(d) If applicable, describe analytical methods taking account of sampling strategy E; N/A
(e) Describe any sensitivity analyses Q N/A
Results %
[(=]
=
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g
2 Participants 13* | (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examin&l for eligibility, 8
i confirmed eligible, included in the study, completing follow-up, and analysed g
5 (b) Give reasons for non-participation at each stage e N/A
6 (c) Consider use of a flow diagram = Figure 1
% Descriptive data 14* | (a) Give characteristics of study participants (eg demographic, clinical, social) and information on eg(posures and potential Table 1
2 confounders %
10 (b) Indicate number of participants with missing data for each variable of interest P N/A
11 Outcome data 15* | Report numbers of outcome events or summary measures © 8&9
1; Main results 16 | (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precisiokgJ (eg, 95% confidence 9&10
14 interval). Make clear which confounders were adjusted for and why they were included o
15 (b) Report category boundaries when continuous variables were categorized % 8
16 (c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful ting@ period N/A
1; Other analyses 17 | Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses g 9&10
19 Discussion 2
;? Key results 18 | Summarise key results with reference to study objectives 5 11
22 Limitations 19 | Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discu-gs both direction and 13
23 magnitude of any potential bias g
24 Interpretation 20 | Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of %ﬁalyses, results from 14
;2 similar studies, and other relevant evidence %
27 Generalisability 21 | Discuss the generalisability (external validity) of the study results ; 13
;g Other information %:n
30 Funding 22 | Give the source of funding and the role of the funders for the present study and, if applicable, for‘g)e original study on 20
31 which the present article is based N
32 g
gi *Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in c§hort and cross-sectional studies.
35 o
36 Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published exan%les of transparent reporting. The STROBE
37 checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine%rg/, Annals of Internal Medicine at
gg http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.sEobe-statement.org.
40 §
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