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ABSTRACT

The objective of the research was to determine the relation between nut consumption and dietary patterns described by
Healthy Eating Index, Mediterranean Diet Score and principal component analysis. In a cross-sectional study, 1852
military men were contacted by mail. Using food-frequency questionnaires, nut consumption was recorded and strati-
fied in weekly versus less than weekly. Three dietary indices were calculated and stratified in quintiles. For principal
component analysis, the healthiest dietary pattern rich in fruits and vegetables was selected as Healthy Dietary Pattern.
The highest quintiles of Healthy Eating Index, Mediterranean Diet Score and Healthy Dietary Pattern were systemati-
cally associated with the highest weekly consumption of nuts. The highest quintiles were also associated with the lowest
intake of saturated fat, i.e. between 10 and 12 energy-percent compared with 17 to 19 energy-percent for the lowest
quintiles. The mean daily nut consumption was less than 6 g a day, which is beneath the recommended quantity for car-
diovascular protection. Nut consumption was associated with the healthiest dietary pattern, independently of the used
method to determine the dietary pattern. Regular nut consumption seems to be a component of a cluster of several
healthy behaviors.
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1. Introduction strictive and low energy-density nutritional patterns
[2].

An interesting finding in the review of Sabaté ef al. [1]
is the nut diet by Body Mass Index (BMI) interaction: the
cholesterol-lowering effect of nut consumption is less
pronounced in subjects with obesity. This rather puzzling
consideration about nut consumption emphasizes on one
hand the fact that obesity may be associated with ele-
vated endogenous production of cholesterol. On the other
hand, an association between nuts consumption and
healthy dietary pattern could partly play a role in ex-
plaining the reduction of coronary heart disease reported
in observational epidemiologic research [1].

Dietary pattern analysis, based on the concept that
foods eaten together are as important as a reductive me-
thodology characterized by a single food or nutrient
analysis, has emerged more than a decade ago as an al-
ternative approach to study the relation between nutrition
and disease [3]. As reviewed by Hu [4], dietary pattern

Nut consumption has been related to a reduced risk of
coronary heart disease, probably by lowering blood lipids
levels. Nuts are rich in unsaturated fatty acids, dietary
fibers, and phytosterols. Additionally, nuts are rich in
copper, magnesium, potassium, folic acid, niacin, vita-
min E and vitamin B6. As recently reviewed by Sabaté et
al. [1], and based only on human intervention studies, the
effects of nuts on blood lipids were dose related and the
lipid-lowering effects were greatest among subjects with
high baseline LDL-cholesterol. A daily nut consumption
of 67 g was associated with a mean reduction of total
cholesterol by 5.1%. A major problem of nut consump-
tion is the high fat content and thus the high energy-den-
sity. The total fat content of nuts varies between 45% to
75%. Stimulating regular consumption of nuts can be in
conflict with the actual obesity epidemic, where preven-
tion and treatment is associated with more energy-re-

“Conflict of interest: the authors declare that they have no competing analysis is a better method to examine the effect of over-
interests. ) o all diet: food and nutrients are not eaten in isolation, and
Contributors: PM and PC conceived the orlglgal idea, performed the the “single food or nutrient” approach will not take into
study, analyzed the data, and wrote the manuscript. . .

“Corresponding author. account the complex interactions between food and nu-

Copyright © 2012 SciRes. FNS



Nut Consumption Is Associated with a Healthy Dietary Pattern in Military Men 1049

trients. Two major methods are used to reduce complex
dietary data: a hypothesis-oriented approach using pre-
vious information to stratify a dietary pattern and a sta-
tistical approach using study-specific data to rank indi-
viduals (principal component analysis or reduced rank
regression models) [5]. The Healthy Eating Index and the
Mediterranean Diet Score are two frequently used hy-
pothesis-oriented approaches. The Healthy Eating Index
represents the degree to which a dietary pattern conforms
to official guidelines summarized in the United States
Department of Agriculture Food Guide Pyramid [6]. The
Mediterranean Diet Score, according with the Mediter-
ranean dietary pattern, has received a lot of attention be-
cause of the associated reduction in mortality [7]. An
example of commonly used exploratory approach is
principal component analysis identifying foods that are
consumed together. This statistical technique may be
able to detect correlations between foods or food groups
contained in an array of nutritional data.

The aim of this study was to describe the relation be-
tween nut consumption and general dietary patterns as
described by Healthy Eating Index, Mediterranean Diet
Score and principal component analysis.

2. Methods

In February 2007, air and terrestrial components of the
Belgian army totaled 33,053 men. After stratification for
military rank and age, 5000 men were selected represen-
tative for the total army structure. The selection consisted
of 598 officers; 2103 non-commissioned officers and
2299 soldiers. A semi-quantitative food frequency ques-
tionnaire with 150 food items was mailed to the partici-
pants. The following categories of consumption fre-
quency were used: never, one to three times a month,
once a week, two to four times a week, five to six times a
week, once a day, two to three times a day, four to six
times a day and more than six times a day. Portion sizes
were predefined using familiar measuring devices (tea-
spoon, glass, cup...). The validity of the questionnaire
was tested on a sample of 100 men representative for the
participants to the cross-sectional study [8]. A second
questionnaire was used to register health-related and life-
style characteristics. This questionnaire was self-report-
ing regarding smoking, marital status, main occupation,
age, weight, height, number of children and knowledge
of cardiovascular risk factors. This questionnaire was
used in previous research [9]. Yearly gross salary was
obtained from administrative services, taking into ac-
count the rank and years of active duty.

The individual characteristics of the responders were
categorized in age-category (20 to 29 years, 30 to 39
years, 40 to 49 years and 50 to 59 years) and Body mass
index (BMI) classified in normal weight, 18.5 < BMI >
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25.0 kg/m?, overweight, 25.0 < BMI < 30.0 kg/m” and
obesity, BMI > 30.0 kg/m’. Participation was on a vol-
untary basis and without incentives. An informed consent
was signed by all participants.

The nut consumption was dichotomized in one or
more than one portion a week versus less than one por-
tion a week. The family of popular nuts includes almonds,
cashews, hazelnuts, pecans, pine nuts, pistachios, and
walnuts. The questionnaire focused exclusively on the
total nut consumption as whole, not on nuts consumed in
hidden sources in recipes or on nuts consumed from
spreads. Consumption of hazelnut spread was not seen as
a source of nuts, because health-related effects after ha-
zelnut spread were not recognized in the literature.

Using a y* test, we assessed the differences in the pro-
portion of responding officers, non-commissioned offi-
cers and soldiers that responded. Using data from mili-
tary records, that is, age and rank, the differences be-
tween responders and non-responders were tested with
the same test. For descriptive statistics, mean and stan-
dard deviations were calculated for the individual char-
acteristics, according to quintiles of dietary patterns. Dif-
ferences between quintiles were tested with »* and analy-
sis of variance. Daily intake of nuts, fish, red meat, proc-
essed meat, legumes, fruits and vegetables were calcu-
lated according to quintiles of dietary patterns. The dis-
tributions of foods did not follow a normal distribution,
we first used non-parametrical tests as indicated. How-
ever, the results of the non-parametrical tests were simi-
lar to the parametrical tests, we choose the latest for a
clear presentation of data. The Healthy Eating Index and
the Mediterranean Diet Score were computed as de-
scribed earlier [6,7,10]. The possible scores for Healthy
Eating Index ranged from 0 to 100 and for Mediterranean
Diet Score from 0 to 9, with a high score for the healthi-
est pattern. Principal component analysis was applied to
the data of the semi-quantitative food frequency ques-
tionnaire. First, 150 food items were classified into 34
predefined food groups with similar nutrient profile, ac-
cording to Hu et al. [11]. Principal components analysis
was used to derive dietary patterns based on the 34 food
groups. Varimax transformation was effectuated to achi-
eve uncorrelated factors with a greater interpretability.
Components with eigenvalues more than 1.5, interpret-
ability of the factors and Scree plot were used to deter-
mine the number of selected factors. The eigenvalues of
the factors dropped after the second factor (from 2.44 to
1.77) and after the third factor (from 1.77 to 1.44). The
remaining factors were more similar after the fourth fac-
tor (ranging from 1.38 for the fifth factor to 1.10 for the
tenth factor). Three major dietary patterns were clearly
identified for further analysis. The factor scores for each
pattern were constructed by summing up the observed
intakes of the component food items, weighted by the
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individual factor loadings. Those factor scores rank indi-
viduals according to their agreement with each dietary
pattern. The healthiest dietary pattern was selected, that
is, the Healthy Dietary Pattern (principal components
analysis), because a high factor score is associated with
the healthiest pattern, which is also the case for Healthy
Eating Index and Mediterranean Diet Score. This Healthy
Dietary Pattern was associated with a high intake of
fruits, vegetables, nuts, fish, whole grain and low-fat
dairy products.

A two-sided level 0.05 level of significance was de-
fined. SPSS 16.0 (SPSS Inc., Chicago, IL, USA) statis-
tics software was used. The Bioethical Committee of the
University of Leuven approved the complete research
protocol.

3. Results

Table 1 presents the characteristics of the subjects. Out
of the 5000 selected men, only 37% participated to the
study. The most prevalent age-category was 40 to 49
years. About 58% had a BMI > 25.0 kg/m’. Responders
to the mailing tended to be older than non-responders
(74.3% were older than 40 years compared to 61.4% for
the non-responders) (p < 0.001). Moreover, soldiers were
less incline to participate to the study than officers and
non-commissioned officers (p < 0.001). Of all partici-

pants, 14% consumed one or more portion of nuts a week.

The mean (SD) daily portion of nuts consumed was 5.0

gram (£0.9).

Table 2 presents the factor groupings used in the prin-
cipal component analysis and the factor-loading matrix
for the three major factors identified by using food con-
sumption data from the food-frequency questionnaire.
The greater the factor-loading for a specific food or food
item, the greater the impact of that food or food item to a
specific factor. The first factor was heavily loaded with
red meats, processed meats, beer, garlic, tomatoes, wine,
eggs, poultry, liquor, organ meats and vegetables. This
factor explained 7.4% of the total variance. This was
labelled Meat Dietary Pattern. The second factor, ex-
plaining 7.2% of the total variance, was more loaded for
tomatoes, fruit, low-fat dairy products, whole grain,
vegetables, cold breakfast cereals, fruit juice, fish, tea
and nuts. This was labelled Healthy Dietary Pattern. The
last factor, explaining 6.2% of the total variance, was
heavily loaded with red meats, processed meats, sweets,
desserts, snacks, high-energy drinks, high-fat dairy pro-
ducts, refined grains, mayonnaise and potatoes. This was
labelled Sweet Dietary Pattern.

Table 3 presents the distribution of age, BMI and con-
sumption of nuts in function of the quintiles of Healthy
Eating Index, Mediterranean Diet Score and Healthy
Dietary Pattern (principal components analysis). The
range of the scores was for the lowest and the highest
quintiles of Healthy Eating Index, Mediterranean Diet
Score and Healthy Dietary Pattern respectively 22 to 45

Table 1. Characteristics of the study subjects.

Responders Non-responders
Characteristics Categorisation
n % n %
Total 1852 100.0 3148 100.0
20-29 119 6.4" 461 14.6"
30-39 358 19.3 753 23.9
Age (in years)

40 - 49 1064 57.5* 1439 457"
50-59 311 16.8" 495 15.7
Officers 217 1.7 381 12.1%
Military rank Non-commissioned officers 936 50.5" 1167 37.1*
Soldiers 699 37.7* 1600 50.8"

Normal (<25.0 kg/m?) 744 40.2

Overweight (>25.0 to <30.0 kg/m?) 836 45.1

Body Mass Index*

Obesity (>30.0 kg/m?) 244 132

Missing 28 1.5

Weekly 259 14.0

Consumption of nuts
Less than weekly 1593 86.0

#p<0.001.
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Table 2. Factor-loading matrix for the major factors identi-
fied by using food consumption data from the food-fre-
quency questionnaire®.

Factor 1 Factor 2 Factor 3
(Meat dietary ~ (Healthy  (Sweet dietary
pattern)  dietary pattern)  pattern)
Red meats 0.60
Processed meats 0.58
Beer 0.47
Garlic 0.43
Tomatoes 0.43
Wine 0.40
Eggs 0.38
Poultry 0.37
Liquor 0.37
Organ meats 0.33
Fruit 0.58
Low-fat dairy products 0.47
Whole grain 0.43
Vegetables 0.39
Cold breakfast cereals 0.38
Fruit juice 0.37
Fish 0.36
Tea 0.32
Nuts 0.30
Sweets and desserts 0.53
Snacks 0.45
High-energy drinks 0.42
High-fat dairy products 0.40
Refined grains 0.36
Mayonnaise 0.30
Potatoes 0.30

! Absolute values < 0.30 were excluded from the table for simplicity. Foods
or food groups with factor loadings < 0.30 for three factors were excluded;
see Table 2 for food groupings. The percentage of explained variance was
7.4% for factor 1, 7.2% for factor 2 and 6.2% for factor 3.

and 68 t0 95; 0 to 2 and 6 to 9 ; —3.6 to —0.8 and 0.7 to
4.8. Age and BMI were not statistically different across
the quintiles of dietary patterns. The mean daily intake of
nuts, fish, legumes, fruits and vegetables were system-
atically the highest in the healthiest quintile of dietary
pattern, independently of the used method to characterise
the dietary patterns. The daily intake of red and proc-

Copyright © 2012 SciRes.

essed meat were low in the highest quintiles of dietary
patterns.

The mean daily energy intake was not statistically sig-
nificantly different between the quintiles of Healthy Eat-
ing Index. The energy intake was significantly higher in
the highest quintiles of Mediterranean Diet Score and
Healthy Dietary Pattern compared with the lowest quin-
tiles. The same quintiles were also associated with the
lowest intake of saturated fatty acids, i.e. between 10 and
12 energy-percent compared with 17 to 19 energy-per-
cent for the lowest quintiles; and with the lowest intake
of total fat. The intake of carbohydrates varied for the
lowest scores between 35 to 40 energy-percent and 45 to
50 energy-percent for the highest scores.

As indicated in Figure 1, the highest quintiles of
Healthy Eating Index, Mediterranean Diet Score and
Healthy Dietary Pattern were systematically associated
with the highest weekly consumption of nuts, with re-
spectively 18%, 24% and 25% of the participants.

4. Discussion

The aim of this work was to relate the nut consumption
to three commonly used methods to determine dietary
patterns, namely Healthy Eating Index, Mediterranean
Diet Score and Healthy Dietary Pattern. For the three
methods, the highest nut consumption was related with
the highest quintile. Moreover, and despite the higher fat
content of nuts, a high consumption was associated with
a dietary pattern with the lowest intake of total, saturated
and unsaturated fat. The subjects in the healthiest quin-
tiles for the three methods have macronutrient intake
close to the official guidelines, which are respectively for
proteins, fat and carbohydrates 15, 30 and 55 energy-
percent of total intake. Mean intake for the highest quin-
tiles of Healthy Eating Index, Mediterranean Diet Score
and Healthy Dietary Pattern ranged between 17 to 18
energy-percent for proteins, 29 to 34 energy-percent for
fat and 45 to 50 energy-percent for carbohydrates. For
the subjects of the lower quintiles, there was a great dis-
crepancy between intake and official guidelines.
Prospective observational research has consistently
shown that nut consumption is associated with lower risk
of cardiovascular diseases [12-14]. This effect was par-
tially explained by the favorable lipid composition of
nuts. However, a possible confounding role of the gen-
eral more healthy dietary pattern associated with nut
consumption cannot be excluded in prospective studies.
Nuts are particularly more consumed by health conscious
people. Jenab et al. [15] found in the European Prospec-
tive Investigation into Cancer and Nutrition a four times
higher nut consumption frequency in the health con-
scious cohort compared with the general population co-
hort, with respectively 20.5% daily consumers compared
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Table 3. Baseline characteristics according to Healthy Eating Index, Mediterranean Diet Score and Healthy Dietary Pattern

(principal components analysis) (n = 1852).

Healthy Eating Index” Mediterranean Diet Score” . Healthy Dietary Pattern o\
(principal components analysis)
Ql Q3 Q5 Ql Q3 Q5 Ql Q3 Q5
n 362 362 362 344 379 406 362 362 362
Range scores 22 to 45 53 to 60 68 to 95 0to2 4t04 6t09 —-3.6t0—0.8 —03t00.1 0.7to4.8
Age (years) (mean-SD) 435 432 42.8 43.0 42.6 43.4 43.0 435 433
gely (7.2) (6.9) (7.2) (7.2) (7.3) (7.2) (7.4) (6.6) (6.8)
Body Mass Index 26.3 25.9 26.4 26.4 26.0 26.0 25.8 26.3 26.5
(kg/m?) (mean-SD) (3.9) (3.4) (3.5) (4.0) (3.4) (3.3) (3.7) (3.4) (3.6)
Food intake-mean grams/day (SD)
Nuts 1.8 2.1 22 1.5 1.8 2.5 1.5 1.9 2.5
(1.2) (1.3) 1.4 0.9) (12) 1.4 (1.0) (1.1) 1.6)™
Fish 16.0 20.7 26.7 9.9 18.9 345 9.9 18.9 345
(19.8) (24.2) (29.9)™ 9.0 (25.6) 30.7)™ (10.0) (25.6) 30.7)™
Red meat 96.9 81.8 73.7 95.7 79.9 729 95.7 79.9 72.9
(72.0) (55.1) (52.3)™ (57.9) (59.1) (56.3)™ (57.9) (59.1) (56.3)™"
Processed meat 142.7 123.6 102.6 137.9 122.2 118.1 137.9 122.2 107.8
(79.0) (73.4) 547" (66.5) (69.7) (63.8)™ (66.5) (69.7) (71.9)™
—— 10.4 10.5 13.6 5.3 10.3 20.5 53 10.3 20.5
& (18.2) (17.2) (22.5) (13.2) (18.2) 4. (13.2) (18.2) 4.1
Fraits 87.6 195.7 410.9 120.7 220.6 301.0 120.7 220.6 301.0
(93.2) (183.9) (303.8)™ (158.4) (209.6) (255.0)" (158.4) (209.6) (255.0)"
Vegetables 40.4 56.4 61.4 32.8 53.1 73.7 32.8 53.1 73.7
g (48.6) (55.5) (63.5)™ (40.2) (55.0) (68.3)™ (40.2) (55.0) (68.3)™"
Nutrient intakes-mean (SD) in energy percent
Energy (keal) 3148 3030 3047 2965 3066 3148 3017 2835 3469
gy (978) (952) (832) (908) (886) (881)” (932) (791) (905)™
Protein 15.4 16.7 17.3 16.4 16.2 16.9 15.0 16.7 17.7
(3.6) (3.2) G.D)™ (3.3) 3.4) 3.1 3.4 (3.2) 3.3)™
Total fat 46.0 36.8 28.7 40.7 37.0 33.8 42.8 37.1 30.7
(5.9) 4.9) “.9™ (7.7) (7.8) 7.n™ (7.6) (6.3) 6.3)™
Saturated fat 18.8 14.2 10.2 17.2 14.1 11.9 17.3 14.1 113
v (3.8) (3.1) Q.0™ 4.1) (4.0) GB4H™ 4.2) (3.5) 3™
Monounsaturated fat 17.4 143 115 15.0 14.5 13.7 16.2 14.7 12.1
(2.8) (2.6) 2.5)™ (3.1) (3.3) 3™ (3.0) 3.1 2.9™
Polvunsaturated fat 8.5 7.0 5.8 7.3 72 7.0 8.4 7.0 5.9
Y 3.1 (2.6) (1.9 (2.6) (2.9) (2.4) (3.2) (2.6) (1.9
Carbohvdrates 35.0 0.5 49.8 39.9 43.0 44.8 37.5 05 483
Y (5.9) (5.7) (6.3)™ (7.5) (7.9) 7.4H™ (6.9) (6.4) 7.00™

"p <0.05; "p < 0.01; ""p < 0.001; "Healthy Eating Index, Healthy Dietary Pattern (principal components analysis) (both expressed in 0 to 100 scale of agree-
ment) and Mediterranean Diet Score (expressed in 0 to 9 scale of agreement). Q1, Q3 and Q5 = first, third and fifth quintile of scores.

with 5.6%. The association between nuts and a general
more healthy dietary pattern is in line with Sabaté et al.
[1] who found a less pronounced cholesterol-lowering
effect of nut consumption in subjects with obesity. Both
observations emphases the role of other health indicators.

However, a review of intervention studies, where the

Copyright © 2012 SciRes.

detrimental effects of confounders are limited by the de-
sign of the study, clearly indicates an independent effect
of nut consumption on blood lipid levels [1]. A mean
daily consumption of 67 g of nuts reduced total choles-
terol and LDL concentration. Based on scientific data
concerning the benefits of nut consumption, the US Food
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Figure 1. Distribution of participants consuming one or more portions of nuts a week, according to quintiles of dietary pat-
terns (in percent). HEI 1, HEI 3, HEI 5: first, third and fifth quintile of Healthy Eating Index; MDS 1, MDS 3, MDS 5: first,
third and fifth quintile of Mediterranean Diet Score; PCA 1, PCA 3, HEI 5: first, third and fifth quintile of Healthy Dietary

Pattern (principal components analysis).

and Drug Administration issued a qualified health claim
in 2003 stating that eating 43 g/d of nuts may reduce car-
diovascular disease risk [16]. These are important quanti-
ties of nuts to consume: 43 to 67 g a day represent 230 to
340 kcal a day, which is almost 10 energy-percent for an
adult. Taking into account the high energy-density of
nuts and the positive energy-balance in most Western
countries and the uncertain health effect of nut consump-
tion in obese individuals, a prudent approach is required
in recommendation of nut consumption in general popu-
lation. Such an extra energy quantity must be incorpo-
rated in the total energy envelope to obtain a steady state
situation. However incorporating nuts in a general heal-
thy pattern and lifestyle may accentuate the possible
health-related beneficial effect.

Nuts are not a homogenous group concerning nutri-
tional and health-promoting characteristics. All but che-
stnuts are high in fat and energy-content, whilst coconuts
are rich in saturated fatty acids. The vitamin E and sele-
nium content is variable. This complicates researches
concerning the health-related effects of nuts. Most ob-
servational research do not specify the types of nuts
consumed. This limits the possible extrapolation of re-
sults. Jenab ef al. [15] were able to identify qualitative
and quantitative differences in consumption profiles be-
tween populations. The mean (SE) daily nuts consump-
tion was 15.8 g (2.9) a day, and only 2.2% of the partici-
pants consumed nuts during a specific day. The highest
nuts consumers were found in France, the Netherlands,
Germany and Greece; but the mean daily consumption
was below 5 g a day. The results of this study corrobo-
rate the results of Jenab et al. [15], with a mean daily

Copyright © 2012 SciRes.

consumption of less than 6 g a day. Those quantities are
by far less than those advised by Sabaté et al. [1] and the
US Food and Drug Administration [16].

In conclusions, nuts consumption was associated with
the highest quintiles of dietary pattern, independently of
the used method to determine the dietary pattern. Those
highest quintiles approached best with the official nutri-
tional guidelines. Promoting nut consumption alone will
be not enough to obtain a maximal health effect: con-
sumption must be incorporate in a total energy-envelop.
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