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Abstract: Habitual nut intake is associated with a range of health benefits; however, population
consumption data suggests that most individuals do not meet current recommendations for nut
intake. The literature has highlighted a range of barriers and facilitators to nut consumption, which
should be considered when designing strategies to promote nut intake. Common barriers include
confusion regarding the effects of nut consumption on body weight, perceptions that nuts are high
in fat, or too expensive, and challenges due to dentition issues or nut allergies. Conversely,
demographic characteristics such as higher education and income level, and a healthier lifestyle
overall, are associated with higher nut intakes. Health professionals appear to play an important
role in promoting nut intake; however, research suggests that knowledge of the benefits of nut
consumption could be improved in many health professions. Future strategies to increase nut intake
to meet public health recommendations must clarify misconceptions of the specific benefits of nut
consumption, specifically targeting sectors of the population known to have lower nut
consumption, and educate health professionals to promote nut intake. In addition, given the
relatively small body of evidence exploring barriers and facilitators to nut consumption, further
research exploring these factors is justified.
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1. Health benefits of nut consumption

Nuts (including tree nuts and peanuts) are considered to be a core foo@]abitual nut
consumption has been associated with a range of health benefits, particularly in relation to a
reduction in the risk of chronic diseases. For example, systematic reviews of observational evidence
have demonstrated regular consumption of nuts to be associated with significant reductions in the
risk of coronary heart disease and cardiovascular disease [1, 2]. Nut intake has also been associated
with a reduced risk of overweight and obesity [3]. Trends for reductions in risk of stroke, type 2
diabetes mellitus, and cancer have also been observed, however, significant reductions in the risk of
these conditions have been less consistently reported [1, 2, 4-6].

Findings from observational evidence have also been demonstrated in interventions assessing
the impact of nut consumption on health outcomes. One of the most well-known dietary intervention
studies involving nut intake is the PREDIMED study [7], which explored the impact of a
Mediterranean diet supplemented with either 30 grams of nuts (consisting of 15 grams of walnuts,
7.5 grams of hazelnuts, and 7.5 grams of almonds) or olive oil in a sample of 7447 individuals at high
risk of cardiovascular disease. Compared to the control diet (which was designed to be low fat,
however, fat intakes remained similar to a Mediterranean eating pattern), consumption of a
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Mediterranean diet incorporating nuts resulted in a 28% reduction in the risk of myocardial
infarction, stroke, or death from a cardiovascular cause. Systematic reviews of dietary interventions
have also demonstrated that provision of nuts results in improvements in total cholesterol, low-
density lipoprotein cholesterol, and triglycerides [8, 9].

In addition to the well-known benefits of nut consumption on chronic disease such as coronary
heart disease—thare is increasing evidence of the impact of nut intake on biomarkers for a range of
chronic cond@. In a meta-analysis of randomised controlled trials, nut consumption resulted in
significant improvements in flow-mediated dilation, a measure of endothelial function [10]. Inclusion
of nuts within a diet may also lead to improvements in chronic inflammation, a risk factor for chronic
diseases such as cardiovascular disease, although inconsistent results have been reported [10, 11],
highlighting this as an area requiring further exploration. In addition, there is now emerging research
to suggest that consumption of nuts may result in favourable changes to the gut microbiome [12-15].

There are a number of mechanisms that have been proposed for the beneficial effects of nut
consumption on health outcomes. Nuts are a rich source of protein, unsaturated fatty acids, fibre, and
micronutrients such as folate, vit E, and magnesium [16, 17]. Despite their energy-dense nature
(due to their high fat content), nut consumption has had no observed adverse effect on body weight
[18, 19], with some evidence of favourable effects on adiposity [20], particularly when nuts are
substituted for other foods in the diet [19]. This apparent contradiction is thought to be due in part to
the structure of nuts, where the fat is held in plant cell walls. As a result, there is limited absorption
of this fat when eating nuts, which is instead excreted in the faeces @ 22]. As a result, the
metabolisable proxoy available from nuts is proposed to be 5 - 30% lower than estimated by Atwater
factors [23, @ nother purported mechanism is enhanced satiety with subsequent dietary
compensation, due to the fibre and protein content of nuts [25]. Finally, emerging evidence suggests
that nut consumption may play a role in supporting a healthy diet. Provision of nuts has been found
to increase consumption of other core foods, and subsequently improve overall diet quality [10, 26].
Modelling of the effect of replacing snacks with nuts resulted in diets which were significantly lower
in added sugars, solid fats, saturated fat, and sodium, whilst being higher in unsaturated fats, fibre,
and magnesium [27], highlighting the role of nut consumption in supporting a healthy overall dietary
pattern.

2. Guidelines for nut consumption

As a result of the health benefits associated with habitual nut consumption, nut intake is
promoted in many food-based dietary guidelines globally [28]. Within these dietary guidelines, the
importance of including nuts within the diet is recognised through a range of qualitative (for example
“Enjoy a variety of nutritious foods every day including some legumes, nuts, seeds, fish and other
seafood, eggs, poultry, and/or red meat with the fat removed.” and quantitative (for example
“Eat at least 15 g of unsalted nuts daily.” [30]) recommendations.@

Whilst food-based dietary guidelines promote nut consumption, there is some variation in the
classification of nuts and specific recommendations made. Across guidelines nuts are classified
within different food groups or categories, including protein-rich foods such as meat and alternatives
[29, 31-36], fats and oils [37-39], or appear in their own food category [30, 40]. Recommendations for
nut consumption are typically based on consumption of these broader categories, for example the
2015 - 2020 Dietary Guidelines for Americans [32] recommends consuming 5-0z equivalents of nuts,
seeds, and soy products per week as part of a 2,000 kcal/day Healthy U.S.-Style Eating Pattern. Whilst
there is some variation in the serving size recommended for nut consumption, serving sizes used in
food-based dietary guidelines globally typically range from 15 - 30 grams of nuts, aligning with the
body of evidence for the benefits of nut intake [28].

3. Patterns of nut consumption

Despite the known health benefits associated with nut consumption, and the promotion of nut
intake in many dietary guidelines globally, population nut intakes remains below recommended
levels. For example, the results of the Global Burden of Disease Study 2017 considered an optimal
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intake of nuts and seeds to be 21 grams per day, but found that global consumption was only 12% of
this recommended level [41]. As a result, low consumption of nuts and seeds was found to be one of
the leading risk factors for death and disability adjusted life years in many countries. In 2019 the Eat-
Lancet Commission published their recommendations for a universal healthy reference diet, aimed
at reducing mortality globally [42]. Nuts were included as a key component of the Eat-Lancet healthy
reference diet, which recommended consumption of 50 grams of nuts (which can include tree nuts
and peanuts) per day (for an intake of 2,500 kcal/day) as an alternative to red meat, with the authors
specifically highlighting the need to substantially increase nut consumption globally to reach these
intake levels.

National surveys provide insights into current nut intake around the globe, further highlighting
the disconnect between recommendations for nut consumption and current intake levels. For
example, in the United States of America, an analysis of nut and seed intake in adults from multiple
cycles of the National Health and Nutrition Examination Survey (NHANES) from 1999-2012, found
that while intake of nuts and seeds increased during this period, by 2012 only one-third of adults met
dietary recommendations to consume one ounce of nuts and seeds (28.3 grams) at least five times a
week [43]. However, these results may be impacted by the inclusion of seeds in this analysis.
Exploration of usual intake of tree nuts specifically in the NHANES 2005 - 2010 identified that only
6.8% of the population consumed at least ¥4 ounces (7.1 grams) of tree nuts per day [44, 45]. While
the mean usual intake of 44.3 grams per day among nut consumers suggested that these individuals
met recommendations, mean consumption of nuts overall was 3.3 grams per day, highlighting low
intakes of nuts in the population overall.

Similar patterns of nut consumption have been reported worldwide. Analysis of the European
Prospective Investigation into Cancer and Nutrition (EPIC) study conducted in 10 European
countries found that some variation in nut intake was present between individual countries (with
lower intakes in Northern European countries compared to Southern European countries), with only
27.3% reporting consuming nuts from any source on the day of the 24 hour recall [46]. Similarly,
analysis of the 2011-13 National Nutrition and Physical Activity Survey, a component of the
nationally representative Australian Health Survey, found that less than 40% of Australians reported
consuming any nuts (including nuts in mixed dishes such as breakfast cereals or muesli bars) [47].
Similar to the findings from the United States, mean nut intake in the broader Australian population
was 4.6 grams per day. However, when analyses were restricted to only those individuals who
consumed nuts, mean intakes were 11-75 grams per day, with only 5.6% of nut consumers meeting
the recommendation of 30 grams of nuts per day. Similar results were found for the United Kingdom,
where analysis of the National Diet and Nutrition Survey (NDNS) 2008-2014 identified that median
intake of nuts among nut consumers was 6.5 grams per day [48]. Data on nut consumption patterns
in New Zealand is similar to those reported in other countries [49]. Analysis of the 2008/09 New
Zealand Adult Nutrition Survey found 28.9% of participants reported consuming any nut source
(whole nuts, nut butter, hidden sources e.g. nuts included in mixed dishes, breakfast cereals) on the
day of the 24-hour recall, with mean intakes of 5.2 grams per day. When considering nut consumers
only, intakes were higher at 17.9 grams per day. Only 6.9% of participants reported consuming whole
nuts on the day of the 24-hour recall, with relatively high mean intakes of 40.3 grams per day.

4. Barriers to nut consumption

Given the apparent discrepancy between population health recommendations for nut
consumption, and the current levels of nut intake observed worldwide, it is prudent to consider
factors which may act as barriers or facilitators to nut consumption. The literature has highlighted a
number of factors which may impede nut consumption. Despite research suggesting that nut
consumption does not adversely affect body weight, evidence has suggested that consumers may be
confused about the effects of nuts on weight, due to concerns regarding consuming too much fat
when nuts are included regularly into the diet [50]. For instance, we conducted an online survey with
n=71 iniduals exploring perceptions of nut consumption among Australian consumers, which
ident2J that 69% of consumers agreed that if eating nuts would cause weight gain, then that would
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prevent consumption of nuts [51]. In addition, when asked across multiple questions, approximately
15 - 25% of consumers agreed that consuming nuts would result in weight gain. Similarly, a survey
of n=710 individuals in New Zealand identified that the perceived effect on weight was a barrier to
regular nut consumption among consumers [52]. Concerns regarding the impact of nut consumption
on body weight have also been reported in consumers from the United States of America. Pawlak et
al. conducted cross-sectional surveys with n=124 individuals from a low socio-economic background
[53] and n=85 individuals with or at risk of cardiovascular disease and/or type 2 diabetes [54]. Of
concern, 87% of individuals with or at risk of cardiovascular disease and/or type 2 diabetes and 37%
of individuals from a low socio-economic background believed that eating nuts would cause weight
gain. It is, therefore, evident that the perceived impact of nut consumption on body weight, which
does not reflect the empirical evidence on the relationship between nut intake and body weight, is a
barrier to increased intake. Considering the significance of this factor as a barrier to regular nut
consumption, it is important that confusion regarding the effects of nut consumption on weight gain
among consumers is resolved. Consumer education on the effects of nut intake on body weight
should be addressed when developing future strategies to support nut consumption.

In addition, concerns regarding the fat content of nuts and nut butters have been reported in the
literature, and may be an underlying reason why confusion exists regarding the effects of nut intake
on body weight. The cross-sectional survey conducted in New Zealand identified that one of the top
five reasons selected by respondents who avoided nut butters was that they were perceived to be
unhealthy and high in fat [52]. This was similar to the findings from the Australian survey [51], where
62% of participants agreed that if eating nuts would cause them to eat too much fat, then that would
prevent them from eating nuts or nut butters. Conversely, almost half of the participants agreed that
if nuts were lower in fat, then that would increase their consumption of nuts or nut butters, and 70%
of participants agreed that if eating nuts would help them get the right balance of good fats, then that
would also increase their consumption of nuts or nut butters. Given that nuts are a good source of
unsaturated fatty acids, there may be opportunity to educate consumers on the favourable fat profile
of nuts to overcome this perceived barrier to consumption.

In addition to concerns regarding the fat content and impact on body weight, there are also other
common barriers to nut consumption to note. A survey of n=710 members of the general public in
New Zealand found that the primary deterrent to increased nut consumption was if their cost was
too high [50]. Similarly, the Australian survey with n=71 individuals [51] identified that 64% of these
consumers agreed that if nuts were more affordable they would increase their consumption of nuts
or nut butters. Similarly, 65% agreed that if eating nuts would cost too much money, then that would
prevent them from eating nuts or nut butters. It should be noted that participants in this survey
tended to have a high income compared to the median Australian income, meaning that financial
barriers to nut consumption observed in this group of participants may not reflect the rest of the
population. The observations may therefore be amplified if a study was to be done on a larger random
sample of participants. Price was also found to be inversely associated with the intention to consume
nuts in a survey of n=451 consumers from Zhejiang Provence, China [55], and highlighted as a barrier
to regular nut consumption in a survey of n=124 consumers from the United States of America [53].
While nuts may be less costly than other snacks such as potato chips and cereal bars [50], concerns
regarding the price of nuts are evidently a common barrier to their consumption.

Dentition issues can make eating nuts inconvenient and uncomfortable, and therefore, may act
as a possible barrier to nut consumption. An online survey of n=204 Australian health professionals
found that over half of the participants reported that their clients stated they had dental issues,
making it inconvenient and uncomfortable to consume nuts [51]. This finding was similar to other
countries such as New Zealand where dentition was a commonly reported barrier to nut
consumption [52]. The New Zealand study also found that nut avoiders were more likely to avoid
eating nuts because of dental issues, compared with nut butter avoiders. With evidence suggesting
that there are no significant differences in health benefits between consuming different forms of nuts,
including nut butters [56, 57], it is reasonable that alternative forms of nuts that may pose fewer
challenges for those with poor dentition could be recommended to this group of consumers.
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Finally, a common nut consumption barrier is the presence of an allergy to nuts. A sample of
Australian health professionals reported that the presence of a nut allergy was a common barrier to
nut intake reported by their clients [51]. Similar findings were observed in New Zealand, where 15%
of participants who did not consume nuts or nut butters reported that it was because they were
allergic to nuts [52]. Additionally, 8% of participants did not consume nuts or nut butters because
they lived with or were in close contact with someone who was allergic to nuts. Interestingly, these
values are higher than the prevalence of peanut and tree nut allergy (confirmed using food
challenges) reported in the literature, which is estimated to range from less than 1% to approximately
4% [58-60]. The variation between the proportion of individuals who report allergies as a barrier to
nut intake and estimations of allergy prevalence may be the result of inaccurate self-reporting of nut
allergies. Regardless, although a nut allergy may present an insurmountable barrier to nut
consumption, it is still important to note this as a common barrier to regular nut consumption, to gain
a deeper understanding of all the reasons why nut consumption levels might be poor.

5. Facilitators of nut consumption

Observational evidence has highlighted key characteristics which tend to be associated with
higher consumption of nuts. For instance, a higher level of education or socio-economic status [44,
47, 49] and factors associated with a healthier lifestyle overall such as non-smoking [44, 48] and
higher levels of physical activity [44] have been associated with increased nut intake. In addition,
increased age appears to be associated with higher nut consumption [44, 48], although there is some
evidence that this may peak in young and middle aged adults, as opposed to older adults [47, 49].
Conversely, intakes of nut butters may be higher among younger age groups [49]. Identification of
these factors provide insights into the population groups who may be less likely to meet
recommendations for nut consumption, which can be valuable when designing targeted public
health or dietetic strategies to increase nut intake.

While characteristics associated with nut consumption have been consistently demonstrated in
the literature, there remains a paucity of research exploring behavioural factors or perceptions which
may facilitate nut consumption. Pawlak et al. [53] conducted a cross-sectional survey with n=124
individuals to explore attitudes, beliefs, and barriers towards regularly consuming nuts in a low
socio-economic cohort in the United States of America. While nuts were generally considered to be
healthy and high in protein, only one third of participants believed that eating nuts may help to
reduce cholesterol levels. Similar results were found when beliefs, attitudes, barriers and benefits,
and knowledge of nut consumption was explored in a sample of n=85 individuals with either
diagnosed cardiovascular disease and/or type 2 diabetes, or who were at risk of these conditions [54].
Approximately half of the participants consumed nuts once to twice a week, with three-quarters of
participants agreeing or strongly agreeing that nuts were healthy and high in nutrients. Similarly,
two thirds of participants agreed that peanuts and walnuts were a good source of omega-3 fatty acids.
However, in contrast to these results, over half of the participants were either unaware or disagreed
that nut consumption had a beneficial impact on cholesterol levels. As previously outlined, concerns
regarding the effect of nuts on body weight were also evident in both surveys. Taken together, these
results suggest that while the individuals surveyed largely agreed with the concept of nuts as a
healthy food, they were not familiar with the specific health benefits associated with nut intake, with
concerns relating to the impact of nut intake on body weight remaining.

Further insights into factors which may support nut consumption have been provided by cross-
sectional surveys of consumers. Investigation into knowledge and perceptions of nut intake in n=710
randomly selected New Zealand adults identified that the most commonly reported reason for
choosing to consume nuts or nut butters was an enjoyment of the taste of nuts [52]. It should be noted
however that when compared with reported consumption of nuts, enjoying the taste of nuts was not
significantly associated with consumption levels. Other common reasons for eating nuts reported by
participants in this survey included that nuts were healthy or nutritious, convenient and portable,
and rich in protein and energy. Of these reported factors, only perceptions of nuts as healthy and rich
in protein and energy were significantly associated with reported nut consumption. This may suggest



248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285

286

287
288
289
290
291
292
293
294
295
296
297
298

Int. ]. Environ. Res. Public Health 2020, 17, x FOR PEER REVIEW 6 of 10

that perceptions around the health benefits of nut consumption play a larger role in driving nut intake
than perceptions of taste and convenience. A study among n=482 consumers in China found that
willingness to purchase nuts was positively associated with taste, nutrient value, hygiene, quality
and safety, and brand recognition [55]. While price was significantly inversely associated with the
willingness to purchase nuts, satisfaction with the quality and safety of nuts was important, which in
turn encouraged people to pay more for their nuts.

In addition to individuals’ perceptions of nut intake, the role of health professionals in
promoting nut consumption must be considered. Investigation into beliefs surrounding nut
consumption in lower income individuals [53] and those at risk of or diagnosed with cardiovascular
disease or type 2 diabetes [54] indicated that individuals would regularly consume nuts if
recommended by their doctor. Similar results were found by Yong et al. [52], with more than half of
the respondents reporting that they would consume greater amounts of nuts if recommended by a
doctor. However less than 5% of respondents listed advice from their doctor as a reason they
consumed nuts. In addition, only 3.8% and 2.8% reported they had been advised to eat more nuts by
a dietitian and doctor, respectively. These results demonstrated a discrepancy between factors that
may motivate individuals to consume nuts, and the advice received by individuals, highlighting an
opportunity to encourage nut consumption through promotion by health professionals.

The role of health professionals in promoting nut intake was further explored in a cross-sectional
survey of n=759 dietitians, general practitioners, and practice nurses selected from the electoral roll
in New Zealand [61, 62]. When examined as a group, the health professionals surveyed agreed that
nuts were healthy, high in protein and fat, and were filling, with approximately two-thirds of
participants reporting that they recommended their patients consume more nuts [62]. However,
findings differed between groups of health professionals, with dietitians found to be significantly
more likely to recommend their patients eat more nuts than general practitioners or practice nurses
[61]. While this finding is likely reflective of the focus on dietary advice provided by dietitians, in
comparison to the broader areas of health covered by general practitioners or practice nurses, the
results of this survey also indicated differences between professionals in terms of knowledge relating
to nut intake. For instance, dietitians were significantly more likely to agree that nuts were healthy
compared to general practitioners and nurses, with a significantly lower proportion of dietitians
incorrectly believing that nut consumption increases blood cholesterol levels and increases the risk
of heart disease, compared to other health professionals [62]. It is also important to note that, in the
case of dietitians and general practitioners, a perception of nuts as being healthy was associated with
health professionals being more likely to recommend consumption. Taken together, these findings
suggest that health professionals’ own perceptions of nuts influences the degree to which they
promote them to their patients, and highlights how variation in the level of knowledge of the benefits
of nut intake between health professionals may influence practice. As a result, there is potential to
improve knowledge of the benefits of nut consumption in health professionals (particularly non-
dietetic professionals), as a strategy to encourage habitual nut intake.

6. Conclusions

Habitual nut intake is associated with a range of health benefits, particularly in relation to
reduction of risk of chronic diseases. As a result, food-based dietary guidelines worldwide
recommend regular nut intake, however population consumption data suggests that most
individuals do not meet these recommendations. The literature has highlighted a range of barriers
and facilitators to nut consumption, which should be considered when designing strategies to
promote nut intake. Common barriers include confusion regarding the effects of nut consumption on
body weight, the perception that nuts are high in fat, too expensive, are uncomfortable to eat for
people with dental issues, and the presence of an allergy to nuts. Conversely, demographic
characteristics such as higher education and income level, and a healthier lifestyle overall, are
associated with higher nut intakes. An awareness of the health benefits of nut intake is associated
with greater consumption, although confusion regarding the specific benefits of regularly eating nuts
remains. Health professionals appear to play an important role in promoting nut intake, however
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knowledge of the benefits of nut consumption could be improved across a range of health
professions. Future strategies to increase nut intake to meet public health recommendations should
consider clarifying misconceptions of the specific benefits of nut consumption, specifically targeting
sectors of the population known to have lower nut consumption, and educating health professionals
to promote nut intake. In addition, given the relatively small body of evidence exploring barriers and
facilitators to nut consumption, further research exploring these factors is justified.

Author Contributions: Conceptualization, EN. and RB.; writing —original draft preparation, EN., GT. and RB;
writing—review and editing, EN., GT. and RB. All authors have read and agreed to the published version of the
manuscript

Funding: This research received no external funding

Conflicts of Interest: Elizabeth Neale has received funding from Nuts for Life, the California Walnut
Commission, and the International Nut and Dried Fruit Council. Rachel Brown has received funding from the
Almond Board of California.

References

1. Zhou, D; Yu, H.;He, F.; Reilly, K. H.; Zhang, ] ; Li, S.; Zhang, T.; Wang, B.; Ding, Y.; Xi, B., Nut consumption
in relation to cardiovascular disease risk and type 2 diabetes: a systematic review and meta-analysis of
prospective studies. The American Journal of Clinical Nutrition 2014, 100, (1), 270-277.

2. Luo, C; Zhang, Y.; Ding, Y,; Shan, Z.; Chen, S.; Yu, M.; Hu, F. B.; Liu, L., Nut consumption and risk of type
2 diabetes, cardiovascular disease, and all-cause mortality: a systematic review and meta-analysis. The
American Journal of Clinical Nutrition 2014, 100, (1), 256-269.

3. Eslami, O.; Shidfar, F.; Dehnad, A., Inverse association of long-term nut consumption with weight gain and
risk of overweight/obesity: a systematic review. Nutrition Research 2019, 68, 1-8.

4.  Aune, D.; Keum, N.; Giovannucci, E.; Fadnes, L. T.; Boffetta, P.; Greenwood, D. C.; Tonstad, S.; Vatten, L.
J.; Riboli, E.; Norat, T., Nut consumption and risk of cardiovascular disease, total cancer, all-cause and
cause-specific mortality: a systematic review and dose-response meta-analysis of prospective studies. BMC
Medicine 2016, 14, (1), 207.

5. Grosso, G.; Yang, J.; Marventano, S.; Micek, A.; Galvano, F.; Kales, S. N., Nut consumption on all-cause,
cardiovascular, and cancer mortality risk: a systematic review and meta-analysis of epidemiologic studies.
The American Journal of Clinical Nutrition 2015, 101, (4), 783-793.

6. Wu, L.; Wang, Z; Zhu, J.; Murad, A. L.; Prokop, L. J.; Murad, M. H., Nut consumption and risk of cancer
and type 2 diabetes: a systematic review and meta-analysis. Nutrition Reviews 2015, 73, (7), 409-425.

7.  Estruch, R; Ros, E.; Salas-Salvado, J.; Covas, M.-1; Corella, D.; Aros, F.; Gomez-Gracia, E.; Ruiz-Gutiérrez,
V.; Fiol, M; Lapetra, J.; Lamuela-Raventos, R. M.; Serra-Majem, L.; Pintd, X.; Basora, J.; Mufioz, M. A.; Sorli,
J. V., Martinez, J. A;; Fitd, M.; Gea, A.; Hernan, M. A.; Martinez-Gonzalez, M. A., Primary Prevention of
Cardiovascular Disease with a Mediterranean Diet Supplemented with Extra-Virgin Olive Oil or Nuts. New
England Journal of Medicine 2018, 378, (25), e34.

8. Del Gobbo, L. C; Falk, M. C.; Feldman, R.; Lewis, K.; Mozaffarian, D., Effects of tree nuts on blood lipids,
apolipoproteins, and blood pressure: systematic review, meta-analysis, and dose-response of 61 controlled
intervention trials. The American Journal of Clinical Nutrition 2015, 102, (6), 1347-1356.

9.  Mukuddem-Petersen, J.; Oosthuizen, W.; Jerling, J. C., A Systematic Review of the Effects of Nuts on Blood
Lipid Profiles in Humans. The Journal of Nutrition 2005, 135, (9), 2082-2089.

10. Neale, E. P.; Tapsell, L. C.; Martin, A.; Batterham, M. J.; Wibisono, C.; Probst, Y. C., Impact of providing
walnut samples in a lifestyle intervention for weight loss: a secondary analysis of the HealthTrack trial.
Food & nutrition research 2017, 61, (1), 1344522.

11. Xiao, Y.; Xia, J.; Ke, Y.; Cheng, J.; Yuan, J.; Wu, S.; Lv, Z; Huang, S.; Kim, J. H.; Wong, S. Y.-s.; Yeoh, E.-k,;
Colditz, G. A.; Su, X,, Effects of nut consumption on selected inflammatory markers: a systematic review
and meta-analysis of randomized controlled trials. Nutrition 2018, 54, 129-143.

12.  Bamberger, C.; Rossmeier, A.; Lechner, K,; Wu, L.; Waldmann, E.; Fischer, S;; Stark, R. G.; Altenhofer, J.;
Henze, K.; Parhofer, K. G., A walnut-enriched diet affects gut microbiome in healthy caucasian subjects: a
randomized, controlled trial. Nutrients 2018, 10, (2), 244.



349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401

Int. J. Environ. Res. Public Health 2020, 17, x FOR PEER REVIEW 8 of 10

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Dhillon, J.; Li, Z,; Ortiz, R. M., Almond Snacking for 8 wk Increases Alpha-Diversity of the Gastrointestinal
Microbiome and Decreases Bacteroides fragilis Abundance Compared with an Isocaloric Snack in College
Freshmen. Current developments in nutrition 2019, 3, (8), nzz079.

Garcia-Mantrana, I.; Calatayud, M.; Romo-Vaquero, M.; Espin, J. C.; Selma, M. V.; Collado, M. C., Urolithin
Metabotypes Can Determine the Modulation of Gut Microbiota in Healthy Individuals by Tracking
Walnuts Consumption over Three Days. Nutrients 2019, 11, (10), 2483.

Holscher, H. D.; Guetterman, H. M.; Swanson, K. S.; An, R;; Matthan, N. R.; Lichtenstein, A. H.; Novotny,
J. A,; Baer, D. J., Walnut consumption alters the gastrointestinal microbiota, microbially derived secondary
bile acids, and health markers in healthy adults: a randomized controlled trial. The Journal of nutrition 2018,
148, (6), 861-867.

Ros, E., Health Benefits of Nut Consumption. Nutrients 2010, 2, (7), 652-682.

Food Standards Australia New Zealand, AUSNUT 2011-13 — Australian Food Composition Database. In
Canberra, 2014.

Flores-Mateo, G.; Rojas-Rueda, D.; Basora, J.; Ros, E.; Salas-Salvado, J., Nut intake and adiposity: meta-
analysis of clinical trials. The American journal of clinical nutrition 2013, 97, (6), 1346-1355.

Guarneiri, L. L.; Cooper, J. A., Intake of Nuts or Nut Products Does Not Lead to Weight Gain, Independent
of Dietary Substitution Instructions: A Systematic Review and Meta-Analysis of Randomized Trials.
Advances in Nutrition 2020.

Tindall, A. M.; Petersen, K. S.; Lamendella, R.; Shearer, G. C.; Murray-Kolb, L. E.; Proctor, D. N.; Kris-
Etherton, P. M., Tree nut consumption and adipose tissue mass: mechanisms of action. Current developments
in nutrition 2018, 2, (11), nzy069.

Mandalari, G.; Grundy, M. M.-L.; Grassby, T.; Parker, M. L,; Cross, K. L.; Chessa, S.; Bisignano, C.; Barreca,
D.; Bellocco, E.; Lagana, G., The effects of processing and mastication on almond lipid bioaccessibility using
novel methods of in vitro digestion modelling and micro-structural analysis. British Journal of Nutrition
2014, 112, (9), 1521-1529.

Ellis, P. R.; Kendall, C. W.; Ren, Y.; Parker, C.; Pacy, J. F.; Waldron, K. W.; Jenkins, D. J., Role of cell walls
in the bioaccessibility of lipids in almond seeds. The American journal of clinical nutrition 2004, 80, (3), 604-
613.

Baer, D. J.; Gebauer, S. K.; Novotny, J. A., Walnuts consumed by healthy adults provide less available
energy than predicted by the Atwater factors. The Journal of nutrition 2016, 146, (1), 9-13.

Novotny, J. A.; Gebauer, S. K.; Baer, D. ], Discrepancy between the Atwater factor predicted and
empirically measured energy values of almonds in human diets. The American journal of clinical nutrition
2012, 96, (2), 296-301.

Mattes, R. D.; Kris-Etherton, P. M.; Foster, G. D., Impact of Peanuts and Tree Nuts on Body Weight and
Healthy Weight Loss in Adults. The Journal of Nutrition 2008, 138, (9), 17415-1745S.

Njike, V. Y.; Ayettey, R,; Petraro, P.; Treu, J. A; Katz, D. L., Walnut ingestion in adults at risk for diabetes:
effects on body composition, diet quality, and cardiac risk measures. BM] Open Diabetes Research and Care
2015, 3, (1), e000115.

Rehm, C. D.; Drewnowski, A., Replacing American snacks with tree nuts increases consumption of key
nutrients among US children and adults: results of an NHANES modeling study. Nutrition Journal 2017, 16,
(1), 17.

Neale, E. P.; Tapsell, L. C,, Nuts in Healthy Dietary Patterns and Dietary Guidelines. In Health Benefits of
Nuts and Dried Fruits, Alasalvar, C.; Salas-Salvado, J.; Ros, E.; Sabate, J., Eds. CRC Press: 2020.

Ministry of Health, Eating and Activity Guidelines for New Zealand Adults. In Ministry of Health, Ed.
Wellington, New Zealand, 2015.

Kromhout, D.; Spaaij, C.; de Goede, ].; Weggemans, R., The 2015 Dutch food-based dietary guidelines. Eur.
J. Clin. Nutr. 2016, 70, (8), 869-878.

Public Health England, From Plate to Guide: What, Why and How for the Eatwell Model. In Public Health
England, Ed. London, England, 2016.

US Department of Health and Human Services; US Department of Agriculture, 2015 — 2020 Dietary
Guidelines for Americans. In 8th Edition ed.; US Department of Health and Human Services; US
Department of Agriculture, Eds. Washington DC, United States of America, 2015.

Ministry of Health, Dietary Guidelines for Maltese Adults. In Ministry of Health, Ed. Malta, 2016.



402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455

Int. J. Environ. Res. Public Health 2020, 17, x FOR PEER REVIEW 9 of 10

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Ministry of Health Malaysia, Malaysian Dietary Guidelines. In Ministry of Health Malaysia, Ed. Putrajaya,
Malaysia, 2010.

The Faculty of Agricultural and Food Sciences; American University of Beirut, The Food-Based Dietary
Guideline Manual for Promoting Healthy Eating in the Lebanese Adult Population. In The Faculty of
Agricultural and Food Sciences; American University of Beirut, Eds. Beirut, Lebanon, 2013.

Department of Health and Ageing; National Health and Medical Research Council, Australian Dietary
Guidelines. In Department of Health and Ageing; National Health and Medical Research Council, Eds.
Canberra, Australia, 2013.

Nutrition Division Ministry of Health, Food Based Dietary Guidelines for Sri Lankans. In Nutrition
Division Ministry of Health, Ed. Sri Lanka, 2011.

Sierra Leone Food-Based Dietary Guidelines for Healthy Eating. In 2016.

National Institute of Nutrition, Dietary Guidelines for Indians - a manual. In National Institute of Nutrition,
Ed. Hyderabad, India, 2011.

Nordic Council of Ministers, Nordic Nutrition Recommendations 2012. In 5th Edition ed.; Nordic Council
of Ministers, Ed. Copenhagen, Denmark, 2014.

Afshin, A,; Sur, P.].; Fay, K. A; Cornaby, L.; Ferrara, G.; Salama, J. S.; Mullany, E. C.; Abate, K. H.; Abbafati,
C.; Abebe, Z., Health effects of dietary risks in 195 countries, 1990-2017: a systematic analysis for the Global
Burden of Disease Study 2017. The Lancet 2019, 393, (10184), 1958-1972.

Willett, W.; Rockstrom, J.; Loken, B.; Springmann, M.; Lang, T.; Vermeulen, S.; Garnett, T.; Tilman, D.;
DeClerck, F.; Wood, A.; Malin, J.; Clark, M.; Gordon, L. J.; Fanzo, J.; Hawkes, C.; Zurayk, R;; Rivera, J. A,;
De Vries, W.; Sibanda, L. M.; Afshin, A.; Chaudhary, A.; Herrero, M.; Agustina, R.; Branca, F.; Lartey, A.;
Fan, S.; Crona, B,; Fox, E.; Bignet, V.; Troell, M,; Lindahl, T.; Singh, S.; Cornell, S. E.; Reddy, K. S.; Narain,
S.; Nishtar, S.; Murray, C.]J. L., Food in the Anthropocene: the EAT- Lancet Commission on healthy diets
from sustainable food systems. The Lancet 2019, 393, (10170), 447-492.

Rehm, C. D,; Pefialvo, J. L.; Afshin, A.; Mozaffarian, D., Dietary Intake Among US Adults, 1999-2012. JAMA
2016, 315, (23), 2542-2553.

ONeil, C. E; Nicklas, T. A; I, V. L. F.,, Tree Nut Consumption Is Associated with Better Nutrient
Adequacy and Diet Quality in Adults: National Health and Nutrition Examination Survey 2005-2010.
Nutrients 2015, 7, (1), 595-607.

O'Neil, C. E,; Fulgoni, V. L.; Nicklas, T. A., Tree Nut consumption is associated with better adiposity
measures and cardiovascular and metabolic syndrome health risk factors in U.S. Adults: NHANES 2005-
2010. Nutrition Journal 2015, 14, (1), 64.

Jenab, M.; Sabaté, J.; Slimani, N.; Ferrari, P.; Mazuir, M.; Casagrande, C.; Deharveng, G.; Tjenneland, A.;
Olsen, A; Overvad, K.; Boutron-Ruault, M.-C.; Clavel-Chapelon, F.; Boeing, H.; Weikert, C.; Linseisen, J.;
Rohrmann, S.; Trichopoulou, A.; Naska, A.; Palli, D.; Sacerdote, C.; Tumino, R.; Mattiello, A.; Pala, V.,
Bueno-de-Mesquita, H. B.; Ocké, M. C.; Peeters, P. H.; Engeset, D.; Skeie, G.; Jakszyn, P,; Ardanaz, E.;
Quirds, J. R.; Chirlaque, M. D.; Martinez, C.; Amiano, P.; Berglund, G.; Palmqvist, R.; van Guelpen, B,;
Bingham, S.; Key, T.; Riboli, E., Consumption and portion sizes of tree nuts, peanuts and seeds in the
European Prospective Investigation into Cancer and Nutrition (EPIC) cohorts from 10 European countries.
British Journal of Nutrition 2006, 96, (S2), S12-S23.

Nikodijevic, C. J.; Probst, Y. C.; Batterham, M. J.; Tapsell, L. C.; Neale, E. P., Nut consumption in a
representative survey of Australians: a secondary analysis of the 20112012 National Nutrition and
Physical Activity Survey. Public Health Nutrition 2020, 1-11.

Dikariyanto, V.; Berry, S. E,; Pot, G. K,; Francis, L.; Smith, L.; Hall, W. L., Tree nut snack consumption is
associated with better diet quality and CVD risk in the UK adult population: National Diet and Nutrition
Survey (NDNS) 2008-2014. Public Health Nutrition 2020, 1-10.

Brown, R. C.; Tey, S. L.; Gray, A. R.; Chisholm, A.; Smith, C.; Fleming, E.; Blakey, C.; Parnell, W., Patterns
and predictors of nut consumption: results from the 2008/09 New Zealand Adult Nutrition Survey. British
Journal of Nutrition 2014, 112, (12), 2028-2040.

Brown, R. C.; Gray, A. R,; Yong, L. C.; Chisholm, A.; Leong, S. L.; Tey, S. L., A comparison of perceptions
of nuts between the general public, dietitians, general practitioners, and nurses. Peer] 2018, 6, e5500.

Tran, G. Investigating the role of nutrition information and misinformation in dietetic practice: a case study
exploring the perceptions of nut consumption in health professionals and consumers Honours thesis,
University of Wollongong, Wollongong, 2020.



456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484

485

Int. ]. Environ. Res. Public Health 2020, 17, x FOR PEER REVIEW 10 of 10

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Yong, L. C; Gray, A. R; Chisholm, A.; Leong, S. L; Tey, S. L.; Brown, R. C., Barriers to and facilitators and
perceptions of nut consumption among the general population in New Zealand. Public Health Nutrition
2017, 20, (17), 3166-3182.

Pawlak, R.; Colby, S.; Herring, J., Beliefs, benefits, barriers, attitude, intake and knowledge about peanuts
and tree nuts among WIC participants in eastern North Carolina. Nutr Res Pract 2009, 3, (3), 220-225.
Pawlak, R.; London, H.; Colby, S.; Wall-Bassett, E.; Sira, N., Perception of nut intake among individuals
with or at risk for heart disease and/or diabetes. Journal of Behavioral Health 2012, 1, (3), 185-188.

Hong, L.; Yao, L.; Xie, P; Li, W., An empirical study on consumer purchase intention for nuts and
influencing factors—Survey based on consumers from Zhejiang. Food Control 2020, 117, 107343.

Tey, S.; Brown, R.; Chisholm, A.; Delahunty, C.; Gray, A.; Williams, S., Effects of different forms of
hazelnuts on blood lipids and a-tocopherol concentrations in mildly hypercholesterolemic individuals.
European journal of clinical nutrition 2011, 65, (1), 117-124.

McKiernan, F.; Lokko, P.; Kuevi, A.; Sales, R. L.; Costa, N. M.; Bressan, J.; Alfenas, R. C.; Mattes, R. D.,
Effects of peanut processing on body weight and fasting plasma lipids. British journal of nutrition 2010, 104,
(3), 418-426.

McWilliam, V.; Koplin, J.; Lodge, C.; Tang, M.; Dharmage, S.; Allen, K., The Prevalence of Tree Nut Allergy:
A Systematic Review. Current Allergy and Asthma Reports 2015, 15, (9), 54.

Nwaru, B. I; Hickstein, L.; Panesar, S. S.; Roberts, G.; Muraro, A.; Sheikh, A.; Allergy, t. E. F.; Group, A. G,
Prevalence of common food allergies in Europe: a systematic review and meta-analysis. Allergy 2014, 69,
(8), 992-1007.

Weinberger, T.; Sicherer, S., Current perspectives on tree nut allergy: a review. | Asthma Allergy 2018, 11,
41-51.

Brown, R. C,; Gray, A. R; Yong, L. C.; Chisholm, A.; Leong, S. L.; Tey, S. L., Current nut recommendation
practices differ between health professionals in New Zealand. Public Health Nutrition 2018, 21, (6), 1065-
1074.

Brown, R. C; Yong, L. C; Gray, A. R; Tey, S. L, Chisholm, A; Leong, S. L.,
Perceptions and Knowledge of Nuts amongst Health Professionals in New Zealand. Nutrients 2017, 9, (3),
220.

© 2020 by the authors. Submitted for possible open access publication under the terms
@ ® and conditions of the Creative Commons Attribution (CC BY) license

(http://creativecommons.org/licenses/by/4.0/).





