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Abstract: (1) Background: In recent years, the EAT-Lancet Commission has suggested the inclusion
of nuts among proteins from vegetable sources, but this inclusion would imply a higher consumption
of nuts compared with a healthy Mediterranean diet. (2) Objective: In this work, we sought to
provide a comparison between the macronutrient intakes and environmental impacts of two different
types of diet: a diet including nuts and a diet without nuts. (3) Methods: In this pilot study,
we recruited 89 Italians divided into two groups: nut consumers (44 individuals) and non-consumers
(45 individuals). Food consumption was monitored by a seven-day diary, while the Mediterranean
diet scores, habitual physical activity scores, and orthorexia nervosa scores were evaluated through
standardized questionnaires. (4) Results: We found that nut consumers had higher physical activity
and energy intake levels. High consumption of fat (p < 0.001) and protein (p < 0.001) was observed
among nut consumers compared with the levels observed among non-consumers. Moreover, a higher
environmental impact of total dietary intake was observed among nut consumers, in terms of carbon
(p < 0.05) and land (p < 0.05) footprints; impacts on the water footprint was almost significant (p = 0.06).
(5) Conclusions: We suggest that, among plant food proteins, the consumption of complementary
proteins from legumes and cereals should be preferred to the consumption of proteins from nuts.

Keywords: eating behavior; ecological footprints; environmental impacts; macronutrient intake

1. Introduction

Nuts include almonds, hazelnuts, walnuts, pistachios, and chestnuts [1,2] and contain
proteins, lipids, fiber, vitamins, minerals, polyphenols, and phytosterols [2]. Interest in
the consumption of nuts has increased in recent years due to the effects of nuts on human
health [3]. Moreover, the consumption of nuts is correlated with a reduction in risk factors
for chronic diseases [4]. Despite the risk of food safety and allergenicity, the global demand
for nuts has increased due to a growing awareness of the benefits of eating nut products [5].

The EAT-Lancet Commission on Healthy Diets from Sustainable Food Systems sug-
gests including nuts among the sustainable food sources of proteins [6]. Considering
suggested portion sizes for 2500 kcal/person/d, differences in the amounts of nuts and
seeds were found between the recommended eating patterns of the EAT-Lancet (50 g) and
the healthy US style (Dietary Guidelines for Americans (DGA), 10 g), the healthy Mediter-
ranean style (10 g), and the healthy vegetarian (18 g) [7]. Specifically, the EAT-Lancet
included 2.8× the recommended portion of nuts and seeds [7].

Vitale et al. [8] recently reported that in Italy, during the period of 2000–2017, fish and
nuts were among the food groups included among protein sources that experienced an
increase in supply (+26%, and +21%, respectively), whereas beef greatly declined (−32%).
The authors concluded that the consumption of nuts and legumes should be doubled to
meet the targets proposed by the EAT-Lancet Commission [8]. However, Tucci et al. [9]
recently noted that adapting a 2500 kcal/d EAT-Lancet Commission reference diet (ELCRD)
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to Italian food habits (EAT-IT) would yield considerably higher nut consumption compared
with a dietary plan based on the Italian dietary guidelines (IDG) and would present
certain nutritional issues due to the higher energy intake from lipids. In a randomized
controlled trial among men, the energy intake from a walnut-supplement diet (including
75 g/d of walnuts) exceeded the usual diet, and 86% of the total fat from walnuts was not
displaced [10]. Therefore, the risk of substituting other foods with nuts could lead to an
increased risk of excess of body fat [11].

This pilot study aims to compare the macronutrient intakes and environmental impacts
of two different types of diet, one including nuts (nut consumers) and one without nuts
(non-nut consumers). In line with previous results [12–14], we also included several
measures on eating behaviors, including adherence to the Mediterranean diet, orthorexia
nervosa, physical activity level, and body composition.

2. Materials and Methods
2.1. Recruitment and Enrollment

Eligible individuals were recruited in Rome (from April to December 2019) using
e-mail and verbal dissemination. Before participating, individuals were informed about the
aim of the study, and those who agreed to participate gave their written consent. Volunteers
did not receive a reward and were screened through a questionnaire that collected general
information including sex, sports activities, smoking habits, medical history, use of drugs,
use of supplements, and the consumption of foods for special purposes (e.g., gluten-free
and protein-free). Then, a personal interview was conducted for clarification.

To avoid potential confounders, such as the avoidance of nuts for caloric control or
health issues, we included several exclusion criteria including the presence of any disease,
food allergy, or intolerance; the consumption of a special diet; or dietary restrictions,
such as a vegetarian diet. In this pilot study, we recruited only male consumers due to
the higher prevalence of strategies to lose weight for women compared to men [15,16].
Dieting, calorie counting, and avoiding fatty foods are among the various body-weight
control behaviors observed in women [16–18]. Food cues presented on television programs
reduced peanut, chocolate, and candy consumption and energy intake among women [19],
whereas men were less likely to read and use the caloric information [20]. Therefore,
for men, nut consumption could be related to a healthy and sustainable diet, whereas for
women, the exclusion of nuts from the diet could be due to possible confounding eating
disorders. Thus, the final sample consisted of 89 Italian male adults, with an age range
between 19 and 48 and an average age of 31 years old.

Adherence to the Mediterranean diet was evaluated with the Mediterranean diet
score (MDS-14), assessed using the questionnaire of the PREDIMED study [21], and with
the Mediterranean score (MEDScore-55) [22]. MDS-14 [21] and Score-55 [22] differ in the
scores they assign to certain dietary components. In particular, a higher score is assigned
for the high consumption and low consumption of wine and white meat in MDS-14
and MEDScore-55, respectively. Furthermore, MDS-14 assigns a high score to the low
consumption of sweets, butter, and carbonated beverages and the high consumption of
“sofrito” (a Mediterranean sauce heated at high temperature) [21], whereas in MEDScore-
55, high scores are assigned to the low consumption of full dairy products and the high
consumption of potatoes and unrefined cereals [22]. In both scores, a high score is assigned
to the low consumption of red meat and the high consumption of fish, fruits, vegetables,
legumes, and olive oil. Moreover, MDS-14 includes the consumption of nuts. Based on
this information (confirmed by a 7-day paper-based food diary), two groups were selected:
nut consumers (44 individuals, nut consumers) and non-nut consumers (45 individuals,
non-nut consumers). This observational study was undertaken in accordance with the
Helsinki Declaration for research on humans and was notified to the Ethics Committee
“Lazio 2”, Rome, Italy (study 164.18, 0197220/2018, protocol n. 0047966-15 March 2019).



Sustainability 2021, 13, 12292 3 of 15

2.2. Data Collection and Analysis

Body Mass (BM) was assessed with an OMRON BF-511 electric scale, which was
used to evaluate the percentage of fat mass (FM%) in a previous study [23]. Stature was
measured with a wall stadiometer (Seca Model 222 stadiometer) when the individuals
were wearing light clothing and no shoes. BM and stature were recorded to the nearest
0.1 g or cm, respectively, and the BMI was calculated as weight (kg)/height (m2).

Dietary intakes were evaluated by means of a 7-day consecutively recorded food diary.
The volunteers were asked to record the amounts of food, beverages, and supplements
they consumed by food weighting or with the help of visual tools to increase the accuracy
of the portion size. Data were revised and completed through a nutritional interview.

The nutritional composition of the diet was calculated by an internal database accord-
ing to Italian food composition tables [24] and United States Department of Agriculture
(USDA) databases [25]. Food and macronutrient intake were normalized as kg BM/d,
as per a previous study [26]. Compliance with the recommended macronutrient intakes for
the Italian population (Livelli di Assunzione di Riferimento di Nutrienti ed Energia per la
Popolazione Italiana (LARN) [27]) was also evaluated.

Ecological footprints were calculated using the Barilla Center for Food and Nutrition
(BCFN) database [28] and published data for whey protein supplements [29]. The carbon
footprint (gCO2), water footprint (L), and land footprint (m2) were calculated and nor-
malized for the food consumed as kg BM/d [26]. Compliance with the suggested dietary
intake levels of food groups in the EAT-Lancet planetary health diet was evaluated [6].

Habitual physical activity was evaluated using the International Physical Activity
Questionnaire Short Form (IPAQ-SF) [30], including items assessing intense physical
activity (8.0 metabolic equivalent for the task: MET); moderate physical activity (4.0 MET);
and walking quickly (3.3 MET), moderately (3.0 MET), or slowly (2.5 MET) [30]. Based on
the collected data (the duration and frequency of physical activity), the energy expenditures
were estimated (expressed in METmin/week). Moreover, the IPAQ provided a self-reported
weekly sitting time.

The ORTO-15 test [31], a self-reported questionnaire featuring 15 items with 4-point
Likert-scale response options specifically designed to assess orthorexia nervosa (an ex-
cessive attention to health concerns and the safety of food), was also administered [31].
A score of 1 is assigned to behaviors that most strongly reflect orthorexia, with a score of
4 assigned to the most normal behaviors, meaning that lower scores indicate higher levels
of orthorexia [31]. According to Donini et al. [31], different scores were assigned to items
for the responses “Always” (a score of 4 for items 2 to 5, 8, and 9; a score of 2 for items
1 and 13; a score of 1 for items 3, 4, 6, 7, 10, 11, 12, 14, and 15), “Often” (a score of 3 for
items 2 to 5, 8, and 9; a score of 4 for items 1 and 13; a score of 2 for items 3, 4, 6, 7, 10, 11,
12, 14, and 15), “Sometimes” (a score of 2 for items 2 to 5, 8, and 9; a score of 3 for items
1 and 13; a score of 3 for items 3, 4, 6, 7, 10, 11, 12, 14, and 15), and “Never” (a score of 1 for
items 2 to 5, 8, and 9; a score of 1 for items 1 and 13; and a score of 4 for items 3, 4, 6, 7, 10,
11, 12, 14, and 15).

2.3. Statistics

Categorical variables were expressed as percentages (significance was assessed with
a χ2 test). Continuous variables were analyzed by a T-test (for results passing normality,
a Shapiro–Wilk test was used) and expressed as the means and Standard Deviation (SD).
Otherwise, data were analyzed by a Mann–Whitney rank sum test and expressed as the
median (25–75% range). The significance level was set below 5% (p < 0.05). Spearman
correlation was performed between variables.

3. Results

Nuts consumed included walnuts, almonds, sunflower seeds, and peanuts (Table 1).
Apart from sunflower seeds, no other type of seeds (e.g., pumpkin and chia) were consumed
by the volunteers. Almonds and walnuts were consumed the most frequently (4.2 ± 3.3 and
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3.2 ± 2.5 times/week, respectively), with mean portion sizes of 26.19 ± 19.28 g and
27.17 ± 14.6 g, respectively. Overall, the mean portion of total nuts was 30.4 ± 19.2, with a
consumption frequency of 4.9 ± 4.4/week.

Table 1. Mean weekly consumption of nuts.

Type of Nuts g/d g/Kg BM

Walnuts (n = 31)
Almonds (n = 28)

Sunflower seeds (n = 3)
Peanuts (n = 1)

9.2 ± 5.3
15.9 ± 17.9
14.3 ± 0.0

7.14

0.11 ± 0.06
0.20 ± 0.24
0.17± 0.01

0.11

The nut consumer group featured a high percentage of smokers, but no difference in
age was found between groups (Table 2).

Table 2. Sample characteristics (n = 89).

Groups Nut Consumers (n = 44) Non-Nut Consumers (n = 45)

Age, years 28.5 (23.5–39.0) 30.0 (24.5–39.5)

Smoking habits § Smokers 29%
Occasional 25%

Smokers 15%
Occasional 13%

Height, m 1.78 ± 0.07 1.77 ± 0.06
Body mass (BM), kg 79.9 (74.5–88.0) 80.0 (72.4–86.7)

Body mass index (BMI), kg/m2 25.58 (23.52–26.93) 24.79 (23.65–26.88)
Fat mass percentage (FM%) * 17.92 (15.14–20.18) 20.67 (16.4–25.96)

IPAQ, MET-week *
High MET-week *

Moderate MET-week
Walking MET-week

3892 (2175–6352)
1920 (840–2880)
960 (480–1200)
630 (337–1260)

2925 (1762–4402)
960 (400–2160)
840 (480–1560)
875 (350–1171)

Sitting, h/d 3.9 (2.8–5.4) 3.8 (3.0–5.5)
Sport, h/week

Sport practice, % §
3.8 (2.0–6.0)

79.55
2.0 (0.0–4.5)

57.78
IPAQ: International Physical Activity Questionnaire; MET: metabolic equivalent of task. Data are expressed as the
mean and standard deviation when the normality test was passed; T-test between groups: not significant. Results
are expressed as the median (25–75%) when the normality test failed; Mann–Whitney Rank Sum Test: * p < 0.05;
categorial variable are expressed as a percentage. Chi-square: § p < 0.05.

Although no significant differences in the median BMI were found compared with non-
nut consumers, the nut-consumer group had higher and lower percentages of overweight
(OW) and obese (OB) individuals, respectively (OW: 64% versus 36%, OB: 2% versus
9%, Chi-square: p < 0.05). However, consumers of nuts had low FM% values and higher
physical activity levels, despite their similar sitting times (Table 2). Many volunteers in the
nut consumer group noted that they practice body building or are gym attendees (Figure 1),
which accorded with their low FM% results (Table 2).
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More individuals in the nut-consumer group reported practicing various sports activi-
ties (Table 2 and Figure 1). Among them, no differences were found in the weekly frequency
(3.0× on average) or the duration of a single session (1.5 h on average). Nut consumers
had higher fat, protein, and energy intakes (En), but the median contributions to total En
(%En) for all macronutrients, alcohol, and fiber were similar (Table 3). Nuts contributed to
the mean (calculated based on the seven-day diary) daily total En for 4.3 ± 3.6%.

Table 3. Intakes of energy, macronutrients, alcohol, and fiber.

Groups Nut Consumers (n = 44) Non-Nut Consumers (n = 45)

Energy (En) *** 30.3 (26.3–36.7) kcal/kg BM 26.3 (23.6–29.1) kcal/kg BM
Fat

Fat (total) **
Fat (nuts) ***
Saturated fat

Unsaturated fat

36 (33–38) %En
1.2 (1.0–1.4) g/kg BM

0.09 (0.06–0.15) g/kg BM
0.00 (0.00–0.02) g/kg BM

0.4 ± 0.1 g/kg BM

35 (32–38) %En
1.0 (0.9–1.2) g/kg BM

-
0.00 (0.00–0.01) g/kg BM

0.4 ± 0.1 g/kg BM

Carbohydrates
Sugars

43 (32–47) %En
3.0 (2.4–3.9) g/kg BM

12 (7–14) %En
0.84 ± 0.40 g/kg BM

45 (39–50) %En
2.9 (2.5–3.4) g/kg BM

13 (11–15) %En
0.86 ± 0.32 g/kg BM

Proteins
Proteins (total) ***

Proteins (vegetables) **
Proteins (nuts) ***

Proteins (animal) **
Proteins (supplements)

19 (15–30) %En
1.6 (1.2–2.3) g/kg BM

0.45 (0.35–0.54) g/kg BM
0.03 (0.02–0.04) g/kg BM

1.0 (0.7–1.5) g/kg BM
0.00 (0.00–0.22) g/kg BM

18 (16–20) %En
1.2 (1.0–1.3) g/kg BM

0.38 (0.33–0.46) g/kg BM
-

0.8 (0.6–0.9) g/kg BM
0.00 (0.0–0.0) g/kg BM

Alcohol 0 (0–3) %En 1 (0–2) %En
Fiber 18.6 (16.2–22.7) g/d 16.6 (13.3–20.3) g/d

Data are expressed as the mean and standard deviation when the normality test was passed; T-test between groups:
not significant. Results are expressed as the median (25–75%) when the normality test failed; Mann–Whitney
Rank Sum Test between groups: ** p < 0.01, *** p < 0.001.

Differences in the percentages of individuals who had fat and sugar intakes (as %En)
higher than the recommended values (LARN: 30% fat %En and sugars 10% En) did not
reach statistical significance (fat %En > 30: nut consumers, 86%; non-nut consumers, 82%;
Chi-square 0 = 0.80; sugar %En > 10: nut consumers, 59%; non-nut consumers, 78%; Chi-
square p = 0.09). In addition to the intake of proteins from nuts and vegetables, the intake of
proteins from animal sources was higher in the nut-consumer group (Table 3). Based on the
results, high and low percentages of volunteers in the nut-consumer group had total intakes
of proteins above and below the recommended values (LARN), respectively (Figure 2).
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Among the food groups suggested by the EAT-Lancet Commission, the consumption
of fish was higher in the nut-consumer group (Table 4), and the percentage of men with
fish intakes above the EAT-Lancet-suggested portion (0–1.4 g/kg BM) was higher (39%)
than that in the non-nut-consumer group (18%, Chi-square p = 0.05).

Table 4. Food categories consumed in the two groups and adherence to the Mediterranean diet.

Groups Nut Consumers (n = 44) Non-Nut Consumers (n = 45)
LARN [27,32] and

Mediterranean Diet [33]
Suggested Portions for 2000 kcal

EAT-Lancet [6]
Suggested Portions

for 2500 kcal
(70 kg BM)

Nuts *** 0.15 (0.11–0.23) g/kg BM 0.00 (0.00–0.00) g/kg BM 0.42 g/kg BM (Less than 3/week) 0.35 g/kg BM

Legumes 0.1 (0.0–0.4) g/kg BM 0.3 (0.0–0.6) g/kg BM
2.8 g/kg BM (2.1 g/kg BM–fresh;

0.7 g/kg BM–dry)
(2–3/week)

0–1.4 g/kg BM
(0.7 g/kg BM–dry;
0.3 g/kg BM–soy;

0.3 g/kg
BM–peanuts)

Eggs 0.1 (0.0–0.7) g/kg BM 0.1 (0.0–0.3) g/kg BM 0.7 g/kg BM (2/week) 0–0.4 g/kg BM

Dairy 1.7 (0.7–2.7) g/kg BM 2.0 (1.1–3.0) g/kg BM

3.9 g/kg BM (1.8 g/kg
BM—milk/yogurt; 2–3/day)
(1.4 g/kg BM–fresh cheese;
0.7 g/kg BM–aged cheese;

2/week)

0–7.1 g/kg BM

Fish ** 1.3 (0.8–2.2) g/kg BM 0.9 (0.6–1.3) g/kg BM 2.1 g/kg BM (2–3/week) 0–1.4 g/kg BM
Poultry 0.8 (0.3–2.1) g/kg BM 0.5 (0.2–0.9) g/kg BM 1.4 g/kg BM (1–2/week) 0–0.8 g/kg BM

Red meat 1.2 (0.7–1.9) g/kg BM 1.1 (0.5–1.5) g/kg BM 1.4 g/kg BM (1/week) 0–0.2 g/kg BM

Cereals 2.5 (2.0–3.2) g/kg BM 2.3 (1.9–3.0) g/kg BM

2.3 g/kg BM (0.7 g/kg BM–bread;
2–5/day)

1.1 g/kg BM–pasta/rice; 1–2/day)
(0.4 g/kg BM–breakfast cereals2-

3/day)

3.3 g/kg BM

Tubers 0.4 (0.0–1.0) g/kg BM 0.1 (0.0–0.5) g/kg BM 2.8 g/kg BM (1–2/week) 0–1.4 g/kg BM
Fruits 2.5 (1.6–3.4) g/kg BM 2.6 (1.2–3.6) g/kg BM 2.1 g/kg BM (1–2/day) 1.4–4.3 g/kg BM

Juice (fruit) 0.0 (0.0–0.0) g/kg BM 0.0 (0.0–0.0) g/kg BM 2.8 g/kg BM -

Vegetables * 3.6 (1.7–4.4) g/kg BM 2.5 (1.3–3.8) g/kg BM 2.8 g/kg BM (1.1 g/kg BM–leafy
vegetables) (1–2/day) 2.9–8.6 g/kg BM

Juice (vegetable) 0.0 (0.0–0.6) g/kg BM 0.3 (0.0–0.5) g/kg BM - -
Alcoholic
beverages 0.1 (0.0–1.6) g/kg BM 0.3 (0.0–0.9) g/kg BM - -

Coffee 3.0 (2.0–4.0) number cups/d 2.0 (0.0–4.0) number cups/d 1 cup/d (limited in relation to
sweeteners) -

Sweets 0.3 (0.1–0.9) g/kg BM 0.5 (0.1–0.8) g/kg BM

0.01 g/kg BM–sugar (1.5/day)
0.3 g/kg BM–honey/jam (Less

than 2/week)
1.4 g/kg BM—cake (occasionally)

-

Dressing 0.0 (0.0–0.1) g/kg BM 0.0 (0.0–0.1) g/kg BM 0.1 g/kg BM–oils (3/day)
0.1 g/kg BM–butter (occasionally) -

Other foods 0.5 (0.0–1.0) g/kg BM 0.4 (0.0–0.9) g/kg BM
MDS-14 7.3 ± 1.9 † 6.5 ± 1.3 †

MEDScore-55 33.6 ± 6.6 31.0 ± 7.1

BM: Body Mass; MDS-14: Mediterranean diet score; MEDScore-55: Mediterranean score. The recommended portion sizes (for men, 70 kg)
were normalized for body mass. Data are expressed as the mean and standard deviation when the normality test was passed; T-test
between groups: † p < 0.05. Results are expressed as the median (25–75%) when the normality test failed; Mann–Whitney Rank Sum Test
between groups: * p < 0.05, ** p < 0.01, *** p < 0.001.

No differences among groups were found in the foods considered in MDS-14 and/or
MEDScore-55, including fruits, legumes, eggs, dairy products, poultry, red meat, cereals,
tubers, sweets, dressing, and alcoholic beverages (Table 4). However, nut consumption was
significantly higher compared with the values of the Mediterranean diet (Table 4) when
evaluated with MDS-14 (Spearman correlation MDS-14 versus nut consumption: 0.527,
p < 0.001) but not with MEDScore-55, including or not including nut consumption, respectively.

Both nut consumption and MDS-14 were correlated with the land footprint (Spearman
correlations of 0.266 and 0.250, respectively, p < 0.05), but a higher correlation was observed
between land footprint and fiber consumption (Spearman correlation of 0.340, p < 0.01).
Moreover, both scores of adherence to the Mediterranean diet were correlated with fiber in-
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take (MDS-14: Spearman correlation of 0.294, p < 0.01; MEDScore-55: Spearman correlation
of 0.226, p < 0.05). The latter depends not only on nut consumption but also on vegetable
consumption, which was higher among nut consumers (Table 4) and was included in both
scores of adherence to the Mediterranean diet.

On the other hand, nut intake was correlated with the total (Spearman correlation
0.292, p < 0.01) and animal (Spearman correlation 0.273, p < 0.01) protein intakes. For both
animal protein scores, a high score was assigned to the high consumption of fish, which was
higher in the nut-consumer group compared with the non-nut-consumer group (Table 4).
For fish consumption, carbon (kg CO2/kg BM: 4.2 (3.2–6.9) versus 2.5 (1.4–4.6), p < 0.01)
and land (m2/kg BM: 0.23 (0.14–0.46) versus 0.18 (0.11–0.27), p < 0.05) footprints were
higher in the nut-consumer group (Figure 3).
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These differences could partly account for the higher environmental impacts of the
total dietary intakes of nut consumers (Figure 4) in terms of carbon (p < 0.05) and land
(p < 0.05) footprints; the water footprint also nearly reached significance (p = 0.06).
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On the other hand, both carbon and water footprints in the overall diet were corre-
lated with fat (Spearman correlations: 0.329 (p < 0.01) and 0.422 (p < 0.001), respectively)
and protein consumption (Spearman correlations (p < 0.001): 0.877 (total proteins) and
0.897 (animal proteins) versus carbon footprint; 0.804 (total proteins) and 0.825 (animal
proteins) versus water footprint. Protein consumption was also related to land footprint
(Spearman correlations (p < 0.001): 0.755 (total proteins) and 0.744 (animal proteins)).

The environmental impacts of diet in terms of carbon, water, and land footprints
were correlated with the total energy intake (Spearman correlations: 0.616 (p < 0.001),
0.665 (p < 0.001), and 0.395 (p < 0.01), respectively), as well as with high-intensity physical
activity (Spearman correlations: 0.270 (p < 0.05), 0.269 (p < 0.05), and 0.255 (p < 0.05),
respectively) and—particularly—with hours/week spent engaging in a leisure sport ac-
tivity (Spearman correlations: 0.439 (p < 0.001), 0.410 (p < 0.001), and 0.398 (p < 0.001),
respectively). Moreover, the total impact of diet in terms of carbon and water footprints
was inversely correlated with the FM% (Spearman correlations: −0.443 (p < 0.001) and
−0.466 (p < 0.001), respectively). The latter, as expected, was correlated with total and
intense physical activity (Spearman correlations: −0.383 (p < 0.001) and −0.422 (p < 0.001),
respectively), as well as with animal and vegetable protein consumption (Spearman corre-
lations: −0.399 (p < 0.001) and −0.329 (p < 0.01), respectively).

The water footprint of nuts was 1.3 (0.91–2.0) L/kg BM, while the carbon footprint
(0.3 (0.2–0.5) kg CO2/kg BM) and land footprint (0.002 (0.001–0.003) m2/kg BM) were both
lower than those of other protein sources (Figure 3).

For other food sources of proteins, in both groups, the median intakes (Table 4) of red
meat were higher than the suggested EAT-Lancet values (0–0.4 g/kg BM), whereas the
median egg, dairy, poultry, and legume intakes were in the correct range (g/kg BM: 0–0.36,
0–7.1, 0–0.83, and 0–1.4, respectively). Moreover, the ecological footprints did not differ
among groups (Figure 3), and the median cereal consumption (complementary proteins
for legumes) in both groups was below the mean suggested intake of the EAT-Lancet diet
(3.3 g/kg BM, 0–60% En).

Although the median intake of vegetables was higher in the nut-consumer group
than in the non-nut-consumer group and in the range of the EAT-Lancet recommendations
(2.9–8.6 g/kg BM) (Table 4), the fiber intake (Table 3) was below the LARN (at least 25 g/d)
in both groups. Table 4 shows the consumption of different food categories in each group.
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Tuber and fruit consumption was low (Table 4) but remained in the range of the EAT-Lancet
recommendations (0–1.4 and 1.4–4.3, respectively).

No differences were found in the consumption of other foods not included in the EAT-
Lancet classifications, and high percentages of coffee consumers were found in both groups
(nut consumers, 89%; non-nut consumers, 71%, p = 0.07), with no differences observed in
the median number of cups of coffee consumed daily (Table 4).

On the other hand, no differences were found between the groups for all ORTO-15
items (Table 5). In both groups, two of the three questions with the lowest scores, indicating
higher orthorexia, involved food shops (item 2) and the market (item 14). The third question
with the lowest scores in both groups was item 9 (Table 5), indicating that mood did not
affect the eating behaviors of the volunteers.

Table 5. Orthorexia nervosa (ORTO-15 items).

Groups Nut Consumers (n = 44) Non-Nut Consumers (n = 45)

(1) When eating, do you pay
attention to the calories of
the food?

3.0 (1.0–4.0) 3.0 (1.0–4.0)

(2) When you go in a food shop,
do you feel confused? 1.0 (1.0–2.0) 1.0 (1.0–2.0)

(3) In the last 3 months, did the
thought of food worry you? 3.5 (3.0–4.0) 4.0 (3.0–4.0)

(4) Are your eating choices
conditioned by your worry about
your health status?

4.0 (3.0–4.0) 3.0 (3.0–4.0)

(5) Is the taste of food more
important than the quality when
you evaluate the food?

2.0 (2.0–2.0) 2.0 (2.0–2.0)

(6) Are you willing to spend more
money to have healthier food? 2.0 (1.0–2.0) 2.0 (1.0–2.0)

(7) Does the thought of food
worry you for more than three
hours a day?

4.0 (3.0–4.0) 4.0 (3.0–4.0)

(8) Do you allow yourself any
eating transgressions? 3.0 (2.5–4.0) 3.0 (3.0–3.0)

(9) Do you think your mood
affects your eating behaviors? 1.0 (1.0–3.0) 1.0 (1.0–2.0)

(10) Do you think that the
conviction to eat only healthy
food increases self-esteem?

3.0 (2.0–3.0) 3.0 (2.0–3.0)

(11) Do you think that eating
healthy food changes your
lifestyle (frequency of eating
out, friends, . . . )?

3.0 (2.0–3.7) 3.0 (2.0–3.5)

(12) Do you think that consuming
healthy food may improve
your appearance?

2.0 (1.0–2.0) 2.0 (1.0–2.5)

(13) Do you feel guilty
when transgressing? 2.0 (1.0–3.0) 1.0 (1.0–3.0)

(14) Do you think that there is also
unhealthy food on the market? 1.0 (1.0–2.0) 1.0 (1.0–2.0)

(15) At present, are you alone
when having meals? 3.0 (3.0–3.0) 3.0 (2.0–3.0)

Data are expressed as the median (25–75%); Mann–Whitney Rank Sum Test: not significant. Each item has a score
range from 1 (orthorexia nervosa) to 4 (normal eating behaviors).

4. Discussion

In this work, we focused on how nut consumption affects macronutrient intake and
environmental impacts. As secondary outcomes, eating patterns and behaviors (adherence
to the Mediterranean diet and orthorexia) and physical activity levels were compared
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between nut consumers and non-nut consumers and discussed in the context of environ-
mental sustainability.

4.1. Nutritional Concerns Regarding a Nut-Based Sustainable Diet and Alternative Protein Sources

We observed a high environmental impact from the diets of nut consumers compared
with those of non-nut consumers. Although this result could be partly due to a higher En,
a larger study conducted in southern Italy reported higher fat (median g/d: 51.6, Low Nut
Intake group, versus 64.0, High Nut Intake group, p < 0.001) and protein (median g/d: 82.3,
Low Nut Intake group, versus 84.8, High Nut Intake group, p < 0.001) intakes among nut
consumers in conjunction with a lower En (median kcal/d: Low Nut Intake group, 2104.5,
versus 2090.8, High Nut Intake group, p < 0.001) [2]. Moreover, the authors reported lower
carbohydrate (median g/d: Low Nut Intake, 343.8, versus 294.7, High Nut Intake group,
p < 0.001) and fiber (median g/d: Low Nut Intake group, 36.7, versus 31.0, High Nut Intake
group, p < 0.001) intakes in individuals engaging in high levels of nut consumption [2].
In contrast, we did not observe significant differences in carbohydrates and fiber between
the two groups, but nut consumers had higher levels of protein and fat consumption,
as well as higher En values, than non-consumers.

The mean portion of total nuts was similar to the “standard” portion size (30.4 ± 19.2),
with a consumption frequency of 4.9 ± 4.4×/week. Nuts contributed to 4.3 ± 3.6% of
the mean daily En. This percentage was lower than the values recently described by
Brown et al. [33], who compared the energy content from portion estimates (‘30 g serving’,
‘handful’, and ‘usual serving’) of nuts, expressed as a percentage of total required En,
calculated based on a light physical activity level [33]. The percent contribution of nuts
to total En for the estimated ‘30 g serving’ was 10.0% for men and 13.7% for women;
a ‘handful’ corresponded to 15.0% for men and 16.6% for women; and the ‘usual serving’
contributed to 10.7% of the En for men and 10.5% of the En for women. The authors [33]
concluded that these percentages agreed with those (10–20%) of intervention studies
designed for personalized En% contributions from nuts, taking into account different
BM and physical activity levels and that nut recommendations should be adapted to
energy requirements. Accordingly, both the EAT-Lancet and Mediterranean diet “standard
portion sizes” (for a man of 70 kg/BM) specify intakes of 2500 kcal [6] and 2000 kcal [34],
respectively. As IPAQ is a self-reported questionnaire, in the present study, we preferred
to normalize macronutrient and food consumption for BM, which is typically performed
for proteins, as done in a recent study [26]. Furthermore, only an excess intake of food
leading to obesity should be considered for its impact on the environment as metabolic
food waste [35]. Considering the body compositions of nut consumers, normalizing
the BM allowed us to reduce the risk of misinterpreting the results for sustainability.
Obviously, nutritional demand and the resulting environmental impact of one’s diet is
directly related to one’s BM. Our results show that nut consumers had lower FM% values
than non-nut consumers; this result is in line with previous literature showing that obese
consumers are less likely than normal-weight respondents to consume nuts [36]. Possibly,
because consumers consider nuts to be a source of energy/calories (e.g., unsaturated fat),
overweight and obese consumers may be less likely to eat nuts [36]. This result is also in
line with a study by Wongprawmas et al. [37], which indicated that overweight and obese
respondents were more concerned with the consumption of fatty products than achieving
a normal body weight.

It must also be considered that the Italian national guidelines suggest a frequency
of consumption below 3/week [32]. Communication of the positive health properties of
nuts risks driving nut abuse, especially among people who practice sports. Such individ-
uals (according to the Italian national guidelines [32]) should increase their En primarily
with carbohydrates (60–70% En), whereas En from fat should be in the range of 20–35%,
depending on the type of sport.

Recently, many alternative protein sources have been suggested as replacements
for traditional animal products, including algae and insects [38]. Insect proteins have
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been extensively investigated due to their potential benefits in terms of nutritional and
environmental impacts [39]. However, consumer acceptance of these novel foods is still
debatable [40]. This reluctance is usually linked to strong barriers in Italy and other
Mediterranean countries, which have a strong gastronomic heritage compared to North-
ern European countries [39]. Moreover, novel nutritional supplements, including those
enriched with insect proteins [41], could receive negative attention by some groups of
consumers. Thus, more familiar sources of proteins should be taken into consideration.
A recent position paper from the Italian College of Academic Nutritionists MED/49 (ICAN-
49) on osteosarcopenia in the elderly suggested at least 20–35 g/d of whey protein sup-
plements in conjunction with resistance exercise [42]. Some special considerations related
to supplementation were also included by the EAT-Lancet Commission [6]. Moreover,
the production of whey protein concentrates from the land-spread waste streams of cheese
(whey) reduces the environmental impacts of cheese production [29]. In addition to their
high fat content, the concerning water footprints of nuts should also be considered [43,44].

4.2. Lifestyle, Food Choices, and Sustainability

In line with the results of Witkowska et al. [12], in the present study, nut consumers,
compared with non-consumers, reported high levels of physical activity in their leisure
time. We did not observe an association between orthorexia nervosa and more frequent
consumption of nuts, which was previously reported among students [14]. Nevertheless,
Santi-Cano et al. [13] reported that Cardio-Respiratory Fitness (CRF) was positively as-
sociated with nut or “sofrito” consumption but not with the overall Mediterranean diet
patterns evaluated with MDS-14. Moreover, individuals who had low maximum oxygen
uptake (VO2max) performed less physical activity. Therefore, physical activity, rather than
nut consumption, could be the reason for higher VO2max levels. Accordingly, it has been
suggested that volunteers who are more fit (with a higher VO2max) are also more likely
to be health conscious and, for this reason, consume fewer treat/snack-type foods [45].
The authors in [45] found that with an increase in fitness, volunteers reported consuming
more vegetables, fruits, and multigrain bread and fewer sugar-sweetened drinks, sweets,
chocolates, and fries [45]. Conversely, in the Coronary Artery Risk Development in Young
Adults (CARDIA) study, fruit–vegetable patterns were positively associated with the CRF,
as assessed by the duration of exercise on a graded exercise treadmill, among white women
only; however, the diet-quality score was positively associated with CRF among both black
and white adults [46]. High physical activity entails both high caloric intake and high levels
of exhaled carbon dioxide (CO2) but remains one of the primary prevention strategies for
improving health. A lower respiratory-exchange ratio (“ecologically friendly”) along with
a very-low-carbohydrate ketogenic diet among trained individuals was accompanied by a
reduction in both fat mass (−0.78 kg) and fat-free mass (−1.82 kg) [47].

The presence of health consciousness among individuals with high fitness levels has
been previously suggested [45], and the sub-score of ORTO-7 (excluding items 2, 5, 6, 8,
10, 12, 14, and 15) [48] was related to the FM% among gym attendees [49]. However, two
of the items (item 2 and item 14) with median scores suggestive of orthorexia in both
groups were among those excluded by ORTO-7 (2) “When you go in a food shop, do you
feel confused?” and 14) “Do you think that there is also unhealthy food on the market?”).
These items could be associated with healthy orthorexia, rather than orthorexia nervosa.
The former can serve as a protective behavior [50–52] correlated with body appreciation,
physical activity, and fruit and vegetable consumption [53], whereas the latter can be
observed among individuals practicing sport activities [54]. Dietary advice for muscularity
among men’s health magazines often includes increases in caloric and protein intake,
including the intake of sports foods, supplements, red meat, and fish, as well as eggs,
nuts, and legumes [55]. The EAT-Lancet Commission, which provides a range of zero to
60% for energy intake from cereals [6], did not consider complementary proteins in its
suggested dietary plan. Moreover, whereas legumes, which contain limited contents of
sulfur-containing Amino Acid (AA), are complementary proteins for limiting amino acid
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lysine in cereals [56]. Lysine (as well as methionine [57]) was reported to be a limiting AA
in almonds [57,58], which were among the most frequently consumed nuts in the present
study. Other authors reported the following as limiting AAs: lysine (hazelnuts, brazil
nuts, walnuts, cashew nuts, and pine nuts), the sulfur-based amino acids methionine and
cysteine (almonds), tryptophan (pecans and macadamias), and threonine (peanuts) [59].
Rather than relying upon nut consumption to acquire vegetable proteins, the consumption
of complementary proteins from legumes and cereals should be preferred to improve both
human and planetary health.

As expected from the differences between the two scores for adherence to the Mediter-
ranean diet, we observed high MDS-14 scores among nut consumers (nut consumption
questions were included) but no differences in the MEDScore-55 results between groups.
Although the EAT-Lancet Commission suggested a higher consumption of nuts compared
to that in the healthy Mediterranean style [7], the inclusion of nuts among the proteins
from vegetable sources implicates greater energy from lipids [9], as observed in our study.
Due to the low score assigned to alcohol consumption, MEDScore-55 can be considered
healthier according to the latest national guidelines for nutrition [60], in addition to having
a low environmental impact [6]. In the present study, the percentage of adherence to the
Mediterranean was higher with MEDScore-55 (61% for nut consumers and 56% for non-nut
consumers) than with MDS-14 (52% for nut consumers and 46% for non-nut consumers).

4.3. Limitations

This study has some limitations, and our findings should thus be interpreted carefully.
First, generalization to the whole population cannot be accomplished due to the limited
sample size and the study design. Moreover, food consumption may be conditioned by
the geographical diversity of the Italian population, as different cultural traditions could
play important roles in food selection and dietary choices. Another limitation of the study
was the exclusive selection of male individuals. For these reasons, further research should
consider these limitations.

5. Conclusions

In conclusion, although health benefits were observed for both nut and legume
consumption [1], our study indicates that concerns exist regarding nut consumption
(fat content), as previously suggested [9]. Legumes possess a better macronutrient profile
than nuts for maintaining a healthy diet due to the generally high protein contents and
low amounts of fats in legumes [1]. Thus, an optimal nutritional profile in the Italian
meal context could be achieved by combining legumes and cereals. Understanding how
nuts are perceived by consumers and health professionals, including the main factors of
consumption, may help develop communication campaigns to avoid the excessive intake
of nuts among consumers.

Author Contributions: Conceptualization, I.P.; investigation, E.T., A.R., L.M. and I.P.; data curation,
E.T., A.R. and L.M.; writing, I.P., E.T. and G.S. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and notified to the Lazio-2 Ethics Committee (study 164.18, 0197220/2018,
protocol n. 0047966-15 March 2019; this kind of study does not require approval but notification
only), Rome.

Informed Consent Statement: Informed consent was obtained from all individuals involved in
the study.

Data Availability Statement: The data are not publicly available (volunteers signed consent to
publish only cumulative data).

Conflicts of Interest: The authors declare no conflict of interest.



Sustainability 2021, 13, 12292 13 of 15

References
1. Martini, D.; Godos, J.; Marventano, S.; Tieri, M.; Ghelfi, F.; Titta, L.; Lafranconi, A.; Trigueiro, H.; Gambera, A.; Alonzo, E.; et al.

Nut and legume consumption and human health: An umbrella review of observational studies. Int. J. Food Sci. Nutr. 2021, 72,
871–878. [CrossRef]

2. Micek, A.; Godos, J.; Cernigliaro, A.; Cincione, R.I.; Buscemi, S.; Libra, M.; Galvano, F.; Grosso, G. Total Nut, Tree Nut, and Peanut
Consumption and Metabolic Status in Southern Italian Adults. Int. J. Environ. Res. Public Health 2021, 18, 1847. [CrossRef]

3. Neale, E.P.; Tran, G.; Brown, R.C. Barriers and Facilitators to Nut Consumption: A Narrative Review. Int. J. Environ. Res. Public Heal.
2020, 17, 9127. [CrossRef] [PubMed]

4. Vaisman, N.; Press, J.; Leibovitz, E.; Boehm, G.; Barak, V. Short-Term Effect of Prebiotics Administration on Stool Characteristics
and Serum Cytokines Dynamics in Very Young Children with Acute Diarrhea. Nutrients 2010, 2, 683–692. [CrossRef]

5. 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. [CrossRef]

6. Willett, W.; Rockström, J.; Loken, B.; Springmann, M.; Lang, T.; Vermeulen, S.; Garnett, T.; Tilman, D.; DeClerck, F.; Wood, A.;
et al. Food in the Anthropocene: The EAT–Lancet Commission on healthy diets from sustainable food systems. Lancet 2019, 393,
447–492. [CrossRef]

7. Blackstone, N.T.; Conrad, Z. Comparing the Recommended Eating Patterns of the EAT-Lancet Commission and Dietary Guidelines
for Americans: Implications for Sustainable Nutrition. Curr. Dev. Nutr. 2020, 4, 1–5. [CrossRef]

8. Vitale, M.; Giosuè, A.; Vaccaro, O.; Riccardi, G. Recent Trends in Dietary Habits of the Italian Population: Potential Impact on
Health and the Environment. Nutrients 2021, 13, 476. [CrossRef] [PubMed]

9. Tucci, M.; Martini, D.; Del Bo’, C.; Marino, M.; Battezzati, A.; Bertoli, S.; Porrini, M.; Riso, P. An Italian-Mediterranean Dietary
Pattern Developed Based on the EAT-Lancet Reference Diet (EAT-IT): A Nutritional Evaluation. Foods 2021, 10, 558. [CrossRef]

10. Kranz, S.; Hill, A.; Fleming, J.A.; Hartman, T.J.; West, S.G.; Kris-Etherton, P.M. Nutrient displacement associated with walnut
supplementation in men. J. Hum. Nutr. Diet. 2014, 27 (Suppl. 2), 247–254. [CrossRef]

11. Tindall, A.M.; Petersen, K.S.; Lamendella, R.; Shearer, G.C.; E Murray-Kolb, L.; Proctor, D.N.; Kris-Etherton, P.M. Tree Nut
Consumption and Adipose Tissue Mass: Mechanisms of Action. Curr. Dev. Nutr. 2018, 2, nzy069. [CrossRef] [PubMed]
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