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Abstract: Background/Objectives: An optimal physical condition has beneficial effects in adults at
risk of chronic diseases. However, research data on how adverse reactions to food (ARFSs) are linked
to physical performance are lacking. The aims of this study were (a) to investigate the prevalence
of ARFS according to age; (b) to analyze physical performance level according to the type of ARFS;
and (c) to determine the probability of having a positive ARFS according to physical performance
levels. Methods: A cross-sectional study with 254 Spanish adults (61% women; mean age 43.7 £+ 13 y)
scoring > 6 in PSIMP-ARFSQ-10 (pathologies and symptomatology questionnaire associated with
adverse reactions to foodstuffs) was conducted in the region of Madrid, Spain, following the ALASKA
study protocol. Immune-mediated variables used to measure ARFS were sIgE and sIgG4 antibody
reactions (ADbR) (type 1 and type 2 food hypersensitivities, respectively); non-immune-mediated
variables used to measure ARFS were lactose intolerance and fructose malabsorption. Physical
performance variables were body balance, leg power, sit-to-stand speed, resting heart rate, handgrip
strength, and cardiorespiratory fitness. Statistical significance was set at 0.05. Results: The most
prevalent sIgE- and sIgG4-mediated ARFSs were against legumes (53% and 46%; 60% and 68% in
subjects with <45 y and >45 y, respectively). Handgrip strength was significantly lower in subjects
positive for lactose intolerance compared to subjects negative for lactose intolerance (p < 0.05). Both
the positive mean sIgE and sIgG4 AbR were significantly associated with high physical performance
(p < 0.05). Subjects with high physical performance showed a 1.5-fold increase in the odds of the
positive mean total sIgE and positive slgGs AbR against legumes. Conclusions: In conclusion,
subjects aged 45 or younger had a higher prevalence of total type 1 and type 2 food hypersensitivities
than subjects older than 45 y. Positive lactose intolerance was linked to lower values of handgrip
strength. Subjects with high physical performance, whether male or female, aged <45 years, or with
a BMI of >25, showed significant odds of experiencing type 1 food hypersensitivity to nuts.

Keywords: cardiorespiratory fitness; exercise test; food hypersensitivity; immunoglobulin E;
immunoglobulin G; physical fitness; physical functional performance

1. Introduction

Food allergies, together with other related adverse reactions to foodstuffs (ARFSs), are
currently considered a global public health concern and are among the five most important
chronic diseases of the world according to the World Health Organization due to their
increasing prevalence in the past decade [1]. The most recent available European food
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allergy prevalence data based on food allergen-specific serum IgE (sIgE) antibody reactions
(ADbRs) were published by the European Academy of Allergy and Clinical Immunology
(EAACI) in 2023, reporting a prevalence of 16.6% for food allergies based on sIgE AbR in
European individuals, specifically 18.4% and 11.2% for children and adults, respectively [2].

According to the recently published ARFS classification by Pantoja-Arévalo et al. (2024),
AREFS refers to any immune-mediated and non-immune-mediated food reaction, such as food
allergy or type 1 food hypersensitivity (mostly sIgE-mediated ARFS), and type 2 food hyper-
sensitivity (mostly sIgGs-mediated ARFS) refers to immune-mediated reactions, while food
malabsorption (e.g., fructose malabsorption) and food intolerance (e.g., lactose intolerance)
are referred to as non-immune-mediated food reactions, among other ARFSs [3]. Type 1 and
type 2 food hypersensitivities have been linked to the food allergy pathogenesis identification
and to self-reported symptoms related to ARFS, respectively [4,5]. Additionally, individuals
with lactose intolerance and fructose malabsorption presenting symptoms related to the di-
gestive system have been observed to have higher physical commotions than those without
lactose intolerance [6].

ARFSs encompass a range of related aspects that can be affected by intrinsic and extrin-
sic factors [3]. Optimal cardiorespiratory fitness and other physical performance variables
have been shown to have a positive apparent impact on the health of adults with chronic
diseases in developed countries. However, individuals presenting better physical perfor-
mance may be exposed to the opposite probability when evaluating food hypersensitivity.
For instance, for athletes with immune-mediated allergies to environmental allergens, such
as pollen, exercise may exacerbate their physical and digestive conditions due to increased
ventilation during exercise [7]. Similarly, for individuals without any related diagnosed
AREFS disease but presenting related symptomatology, exercise may still worsen their phys-
ical and digestive performance due to increased exercise-related metabolic inflammation,
especially in the adipose tissue [8]. Cardiorespiratory fitness, strength, speed, balance, and
heart rate have been identified as potential associated physical performance factors in indi-
viduals presenting ARFS-related symptomatology, specifically when exercise is presumed
to alter gut absorption [9,10]. Nevertheless, there is a lack of robust data regarding the
direct relationship between ARFS and physical performance-related variables.

The mechanisms of food allergy may vary among different populations worldwide. It
has been observed that individuals experience variations in the positivity of ARFS when
exposed to the same amount or even type of food allergen at different stages of life [11].
Attempts have been made to explain these variations describing several general associated
factors in ARFSs, such as family history, dietary habits, environmental and food allergen
exposure, and other related aspects [12]. Studying ARFSs in the physical activity and sport
sciences context is essential due to the “dual allergen exposure hypothesis”, which suggests
that changes in environmental conditions during sports can contribute to food-related
AREFS disease progression [13]. Therefore, for the present study;, it is considered that factors
such as, sex, age, body mass index (BMI), specific symptomatology, cardiorespiratory
fitness, and other physical performance variables could help in comprehending the nature
of the ARFS in this scenario. Consequently, understanding the possible factors related to
ARFSs would significantly help improve ARFS management, intervention, and treatment
studies in the future.

The aims of this study were (a) to investigate the prevalence of adverse reactions to
foodstuffs according to age; (b) to analyze the physical performance level according to
the type of adverse reaction to foodstuffs; and (c) to determine the probability of having a
positive ARFS according to physical performance levels in a sample of Spanish adults.

2. Materials and Methods

The methodology of this study was carried out following the published ALASKA
study protocol previously described elsewhere [3].
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2.1. Study Design and Participants

The present study analyzed data collected from the ALASKA study. This was a cross-
sectional study conducted from April 2022 to May 2023 in the Region of Madrid, Spain.
A total of 295 Spanish adults were eligible to participate. Individuals aged >18y, with no
medical restrictions on physical activity, those maintaining a regular sleep schedule, those
who are not heavy smokers (<25 cigarettes/day), not pregnant, with no prior diagnosis
of ARFS, and a PSIMP-ARFSQ-10 score of >6 volunteered to participate in this study.
Twenty-one participants did not meet the inclusion criteria, ten participants did not sign the
consent follow-up section, six participants were excluded for attrition and loss to follow-up,
and four participants had missing data. A total sample of 254 Spanish adults with complete
and plausible data regarding the assessments in Table 1 were evaluated and considered as
a valid sample.

Table 1. A summary of the variables and research instruments of the cross-sectional analysis of the
ALASKA study.

Variables/Assessments

Questionnaires/Instruments

References

Participant consent

Eligibility screening

Demographics and clinical information
Diseases, signs, and symptoms
Height (cm)

Sample characteristics

Waist/hip ratio (ISAK criteria)

Weight (kg) and BIA with segmental multifrequency

Body mass index (kg/m?, mass in kilograms divided by height
in meters squared)

Physical activity

Informed consent form
Inclusion and exclusion
criteria form
Demographics and clinical
characteristics form

PSIMP-ARFSQ-10

Stadiometer
Anthropometric tape

BIA bascule

Height and weight
instruments
IPAQ-LF
RAPA

18]
[3]

[31
[14]

(Seca GmbH & Co. KG., model 213
1721009, Hamburg, Germany)
(Cescorf Ltd., 2 m Innovare measuring
tape, Porto Alegre City, Brazil)
(Tanita, model MC-780MA-N, Tokyo,
Japan)

[15,16]

[17,18]
[19]

Recommended practices and requirements for participants
before blood collection
T1FH, food allergen-specific sIgE AbR

Clinical analysis T2FH, food allergen-specific sIgG4 AbR

Lactose intolerance

Fructose malabsorption

Blood Sample Questionnaire

In-line immunoassay analyzer

Lactose hydrogen and
methane breath test kit
Fructose hydrogen and
methane breath test kit

[3]

(Aesku.Diagnostics GmbH, Helia®
Helmed, Wendelsheim, Germang)
(Cerascreen GmbH, Cerascreen
Lactose kit, Schwerin, Germany)
(Cerascreen GmbH, Cerascreen®

Fructose kit, Schwerin, Germany)

Physical performance

Resting heart rate

Handgrip (hand/upper extremity strength)

Power (leg/lower extremity strength)
Sit-to-stand speed
Body balance

Estimated VO,max
Cardiorespiratory fitness Pulse rate

Pace/cycles

Tensiometer

Dynamometer

Force platform

Astrand-Ryhming Step Test
Pulse oximeter

Metronome

(Omron Healthcare Co. Ltd., model M3
Comfort HEM-7155-E(C), Kyoto, Japan)
(Takei, model TK.K. 5401 Grip-D,
Tokyo, Japan)

(Tanita, model BM-220 7341(0), Tokyo,
Japan)

[20]

(GE Healthcare, Ohmeda Tuffsat,

Boston, MA, USA)
(KORG Inc., model MA-1, Tokyo, Japan)

BIA, bioelectrical impedance analysis; IPAQ-LF, International Physical Activity Questionnaire Long Form;
ISAK, International Society for the Advancement of Kinanthropometry; PSIMP-ARFSQ-10, Pathologies and
Symptomatology Questionnaire associated with Adverse Reactions to Foodstuffs; RAPA, Rapid Assessment of
Physical Activity Questionnaire; T1IFH, type 1 food hypersensitivity; T2FH, type 2 food hypersensitivity; VO,max,
maximal oxygen consumption.

2.2. Study Variables

The variables and instruments used in this study are summarized in Table 1. Ques-
tionnaires and forms were administered online using the Research Electronic Data Capture
Platform (RedCap®), hosted in the Supercomputing and Visualization Center of the Madrid
Community of the Universidad Politécnica de Madrid (CESVIMA-UPM). Diseases, signs,
and symptoms related to any type of ARFS were assessed using the validated PSIMP-
ARFSQ-10 tool [14]. Participants supplied information on their date of birth, age, sex, level
of education, employment situation, occupation, living situation (number of people living
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together) and home city using the demographics and clinical characteristics form published
in the ALASKA study protocol [3].

Subjects were organized by age groups into a younger age group (<45 y) and older
age group of adults (>45 y) according to previous observations in which noticeable changes
on IgE AbR prevalence were manifested [21-23]. BMI was evaluated according to the clas-
sification used by the National Institute of Health and the World Health Organization [16].
Physical activity was arranged in accordance with the World Health Organization 2020
guidelines on physical activity and sedentary behavior [24]. ARFS were categorized based
on the ALASKA study protocol classification into immune-mediated reactions (type 1 and
type 2 hypersensitivities) and non-immune-mediated reactions (lactose intolerance and
fructose malabsorption) [3]. Each ARFS subcategory was also evaluated as sIgE-only, sIgGy-
only, lactose intolerance-only and fructose malabsorption-only, indicating individuals with
just a single positive subcategory of either immune- or non-immune-mediated reactions.
Cardiorespiratory fitness levels were classified according to 95% of the estimated good
age—sex VOymax value below which there is risk of developing major health problems
(mainly cardiovascular diseases, diabetes, and/or hypertension) [25]. Moreover, maximal
isometric handgrip strength was recorded after at least two attempts from each hand.
The handle width of the dynamometer was adjusted to subjects” hand sizes, and subjects
were instructed to maintain a neutral standing position while encouraged to squeeze the
dynamometer and exert maximum force.

2.3. Statistical Analysis

Descriptive statistics consisted of the mean and standard deviation (SD) for continuous
variables, as well as frequency and percentage for categorical variables. Kolmogorov—
Smirnov tests were used to check for the normality of the continuous data.

Based on previous findings [4,14] where a total raw PSIMP-ARFSQ-10 score of 6
was determined to be related to ARFS, PSIMP-ARFSQ-10 scores were calculated as raw
scores, meaning a raw punctuation value of 1 for each single item of the PSIMP-ARFSQ-
10 questionnaire. Following the standard practice in scoring questionnaires [26], a raw
punctuation value of 1 was assigned to the PSIMP-ARFSQ-10 questionnaire items, followed
by the sums of these raw scores by sections (each section included the assigned item
weight during the validation of the questionnaire [14]), and the sums were calculated for
reliable comparisons.

A model utilizing linear regression and hierarchical multiple regression analysis
was used to create different regression equations predicting the association between sex,
age, living situation, physical activity, BMI, symptomatology, and physical performance
variables (VO,max values, maximal handgrip strength, leg power, sit-to-stand speed,
body balance, and resting heart rate). Age—sex adjustments were applied to all physical
performance variables, and median cut off values of maximal handgrip strength and
cardiorespiratory fitness were determined to classify the sample into groups with low and
high physical performance.

Binary logistic regression was performed using dichotomic datasets of physical perfor-
mance levels. Odds ratios (ORs) were used as measurement of association and random-
effects risk model. Standard procedures of statistics in public health were followed, and
three main interpretations for an OR were considered: no associated factor, protective
factor, and associated factor with higher odds of ARFSs. If an OR was equal to 1, there
was no association between the physical performance level and the odds of ARFSs. If the
OR was <1, the physical performance level was considered a protective factor; finally, if the
OR was >1, the physical performance level was considered a significant associated factor
with higher odds of ARFSs [27,28]. Statistical significance was set at 0.05.

2.4. Ethical Considerations

This research was performed in accordance with the Ethical Guidelines of the Decla-
ration of Helsinki of 1964, revised in Fortaleza (2013) [29], and following the Spanish and
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European regulations on data protection [30]. The protocol was approved by the Ethics
Committee of the Universidad Politécnica de Madrid (reference number 20200602) and
registered on ClinicalTrials.gov (Clinical Trials ID NCT05802017).

The ALASKA study was carried out by qualified professionals in medical, clinical, food
science, nutritional and physical activity, and sport sciences practices. These experts were
part of the InFINE Research Group of the Department of Health and Human Performance
of the Faculty of Physical Activity and Sport Sciences of the Universidad Politécnica de
Madrid. Signed informed consent forms were obtained from all participants before their
participation commencement.

3. Results
3.1. Sample Characteristics

A total sample of 254 Spanish adults participated in this study (61% women) with a
mean age of 43.71 £ 12.61 years. Data regarding demographics and descriptive characteristics
of the ALASKA study are presented in Table 2. The median age was 44, the median age for
men was 48, and the median age for women was 42. The men were significantly older than
the women (Table 3); however, there were no significant differences in sociodemographic
characteristics (education level, job, and living situation) between men and women.

Table 2. Sample characteristics of the ALASKA study compared by sex.

Mean + SD or n (%)

Total (n =254) Men (n =99) (‘:(:;l;; Min-Max p-Valuesgex
Education level
Highschool 27 (10.6) 10 (10.1) 17 (11.0) -
Intermediate-level professional training 11 (4.3) 2 (2.0) 9 (5.8) --
Higher-level professional training 36 (14.2) 16 (16.2) 20 (12.9) -- NS 0.275
University education (college graduate, engineer, high degree) 105 (41.3) 41 (41.4) 64 (41.3) - ’
Master’s degree 60 (23.7) 23 (23.2) 37 (23.9) -
PhD/doctorate’s degree 15 (5.9) 7 (7.1) 8(5.2) --
Job situation
Employed or freelance 209 (82.3) 86 (86.9) 123 (79.4) --
Learning period paid student 5(2.0) 1(1.0) 4(2.6) --
Learning period non-paid student 12 (4.7) 3(3.0) 9 (5.8) --
Unemployed 7 (2.8) 2 (2.0) 5(3.2) -- NS 0.140
Retired or on early retirement 9(3.5) 4 (4.0 5(3.2) -- ’
Permanent disability individual 1(0.4) 1(04) 1(0.6) -
Homemaker or houseworker (housewife/husband) 5(2.0) 0(0.0) 5(3.2) --
Other 6(2.4) 3(3.0) 3(1.9) -
Living situation
Number of people living with (NPLW) 2.05+1.27 2.03 +1.31 2.06 +1.24 0.00-6.00 NS 0.433
<2 NPLW 162 (63.8) 65 (65.7) 97 (62.6) - NS 0.620
>2 NPLW 92 (36.2) 34 (34.3) 58 (37.4) - :
Anthropometry
Body mass index (kg/m?) 2440 £ 454 25.17 £ 3.80 23.90 + 4.89 17.10-41.00 <0.05
Height (cm) 168.70 £9.08  176.67 = 6.68  163.60 + 6.32 11296(())(())_ <0.001
Weight (kg) 69.59 + 14.64  78.65+13.18 63.80 £12.46  41.80-124.80 <0.001
Waist circumference (cm) 79.62 £12.74 8719 +£11.04 7478 +£11.35 38.00-126.80 <0.001
Hip circumference (cm) 97.02 + 12.06 9795 +£825 964241396  63.00-192.00 NS 0.163
Waist-to-hip ratio 0.82 +0.10 0.89 + 0.07 0.78 + 0.09 0.32-1.36 <0.001
Body mass index
<18.5 underweight (%) 5(2.0) 1(1.0) 4(2.6) --
18.5-24.9 normal weight (%) 163 (64.2) 57 (57.6) 106 (68.4) -
25.0-29.9 overweight (%) 63 (24.8) 34 (34.3) 29 (18.7) - NS 0.220
30.0-34.9 class I obesity (%) 9 (3.5) 3(3.0) 6(3.9) -
35.0-39.9 class II obesity (%) 14 (5.5) 4 (4.0) 10 (6.5) --
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Table 2. Cont.
Mean =+ SD or 1 (%)
Women .
Total (n =254) Men (n =99) (1 = 155) Min-Max p-Valuesgex
Body composition
Fat mass (%) 25.08 + 8.63 2048 + 6.62 28.02 + 8.50 5.60-51.60 <0.001
Fat mass (kg) 17.93 +£9.07 16.74 £+ 8.07 18.68 + 9.61 3.90-51.00 <0.05
Fat free mass (kg) 51.66 + 10.12 61.91 + 6.97 45.12 £5.18 31.20-79.30 <0.001
Muscle mass (kg) 49.06 +9.64 58.82 + 6.64 42.82 +£4.92 29.60-75.40 <0.001
Bone mass (kg) 2.60 £+ 0.48 3.09 £0.33 229 £ 0.26 1.60-3.90 <0.001
Body water (%) 51.89 + 5.95 56.27 +£4.13 49.10 £5.21 35.90-66.60 <0.001
Body water (kg) 35.85 + 7.38 43.80 £+ 4.56 30.77 £ 3.10 24.30-56.90 <0.001
Visceral fat rating (VFR 1) 5.96 +4.18 8.27 £4.43 448 +£3.25 1.00-23.00 <0.001

1 VFR, score ranges from 1 to 59 using the Tanita, model MC-780MA-N, Tokyo, Japan. NS, statistically non-
significant.

More than 60% of the studied sample presented a normal weight with no significant
differences between the men’s and women'’s categories of BMI. Furthermore, the results
in Table 2 show statistically significant anthropometric differences between the men’s
and women’s BMI, height, weight, waist circumference, waist-to-hip ratio, and body
composition variables (all p < 0.05).

The women revealed a significantly higher total PSIMP-ARFSQ-10 score associated
with ARFS pathogenesis (p < 0.05) and a particularly higher nervous system symptoma-
tology PSIMP-ARFSQ-10 score (p < 0.001) than the men (Table 3). The estimated VO,max,
maximal handgrip strength, and leg power distribution values were significantly higher
in men than women (all p < 0.001). However, non-significant sex differences were found
between other physical performance variables, specifically the sit-to-stand speed and body
balance. In contrast, the resting heart rate distribution values were significantly higher in
women than men (p < 0.05) (Table 3).

The mean ages for the younger and older age groups of adults were
33.77 £ 7.55 y and 54.99 & 5.90 y, respectively. Both the mean gastrointestinal and nervous
system symptomatology PSIMP-ARFSQ-10 scores were higher in the younger age group
than the older age group of adults (p < 0.05). The gastrointestinal PSIMP-ARFSQ-10 scores
were still higher for the younger age group than the older age group of adults who were
women (p < 0.05). Self-reported physical activity in men was worse in the older than in
the younger age group of adults, with twice as many adults of the older age group not
meeting the World Health Organization’s recommendations compared to the younger age
group (20% vs. 10%). Regarding maximal handgrip strength, there were no significant
differences regarding age groups in men, while the younger age group of women showed
a higher maximal handgrip strength than the older age one (p < 0.05). Leg power and
the sit-to-stand speed were significantly higher in the younger group than the older age
group of adults in both men and women (both p < 0.001). The estimated VO,max was
significantly higher in the younger age group, maintaining its significance when analyzing
the specific cardiorespiratory fitness levels between the younger age group and the older
age groups of adults. The proportion of subjects showing good cardiorespiratory fitness
was 70% belonging to the young age group and 50% of adults belonging to the older age
group (Table 3).
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Table 3. Symptomatology, physical activity, and physical performance compared by sex and age.
Mean +SD or n (%)
Women . - - - -
Total (n = 254) Men (1 = 99) (1 = 155) Min-Max Valuesge <45y (n=135) >45y (n =119) Values,ge  Values,g Values,
Women Women

Total <45y  Men (n =43) (1 =92) Total >45y  Men (1 = 56) (1 = 63)
Age (years) 4371 +12.61  4623+13.04  4210+12.10  18.00-77.00 <0.05 3377 £755 33914794  3371+£740 54994590 55704+ 6.68  54.37 £ 5.08 <0.001 <0.001 <0.001
Symptomatology *
Digestive system 487 £277 477 £271 494+ 281 0.00-1500 NS0319 529 256 498 +2.56 543 +2.56 440 +£2.93 461 +283 421 +3.02 <0.01 NS 0.252 <0.05
Skin and
subcutaneous 292 4265 2.64 4+ 2.54 310 +2.71 0.00-14.00  NS0.089  2.84+248 2.70 +2.19 291 +2.62 3.00 +2.84 2.59 +2.79 3374285 NS0321  NS0417 NS 0.155
tissue
Nervous system 3.04 £ 275 2,07 +2.34 3.66 +2.83 0.00-16.00 <0.001 3.36 +2.76 244 +235 3.79 +2.85 2.67 £2.71 1.79 £2.31 346 +2.82 <0.05 NS 0.084 NS 0.236
f;;gi;atory 1.56 + 1.86 1.70 + 1.84 147 +1.87 0.00-11.00  NS0.173 147 +1.69 1.77 +1.48 133 +1.77 1.66 + 2.04 1.64 & 2.08 1684201  NS0200 NS 0370 NS0.123
g‘:gsssa‘h"logies/ 249 +2.34 2.14 +2.13 2.72 + 245 0.00-10.00 <0.05 1.81 & 2.00 142 £1.79 1.99 & 2.07 3.27 £247 2.70 £2.22 3.78 £ 2.58 <0.001 =0.001 <0.001
Total
PSIMP-ARFSQ-10  14.88 £7.97 1331 +£7.33 15.88 + 8.21 6.00-44.00 <0.05 1477 £746  1330+£6.67 1546 +774  1500+£853 1332+7.86  1649+888 NS0410  NS0.495 NS 0.221
score

Physical activity
Meet WHO 219 (86.2) 85 (85.9) 134 (86.5) - 119 (88.1) 39 (90.7) 80 (87.0) 100 (84.0) 46 (82.1) 54 (85.7)
recommendations NS 0.447 NS 0.172 NS 0.115 NS 0413
Do not meet WHO
oo o tions 35 (13.8) 14 (14.1) 21 (13.5) - 16 (11.9) 4(9.3) 12 (13.0) 19 (16.0) 10 (17.9) 9 (14.3)
Physical
performance

g)éasl g(‘;‘;“mal 3446 +9.91 4441 + 6.30 28114566  17.30-66.00 <0.001 3418+996 4536+639  2895+636  3478+£990 43684618  2688+420 NS0314  NS0.095 <0.05
Leg power (f/w) 1.55 & 0.24 1.61 £ 0.26 1.51 4 0.23 1.10-2.39 <0.001 1.65 £+ 0.25 1.78 £ 0.22 1.58 £+ 0.23 144 £1.19 1.47 £ 0.20 141 £ 0.17 <0.001 <0.001 <0.001
?ﬁgg}s‘;ﬁ)“d speed 12.61 + 3.75 12.79 + 4.10 12.49 + 3,51 0.01-23.60 NS0271 1385+358 15274323  1318+355  1120+343  10.88+3.66  11.49 +3.23 <0.001 <0.001 =0.001
?_"s‘zrz)alame BP 50124942 494341046  5055+869  1.00-63.00 NSO0178 5043+ 861 50334833 5048+ 877 4?‘07 gsi 451;'172 éi 5067 £864 NSO0575  NS0.230 NS 0.448
Estimated
VO,max 3925+992  4279+1006  3698+9.17 21456896  <0.001 4328 +9.39 48804898 4070 +844  34.67+845 38184829  31.55+7.34 <0.001 <0.001 <0.001
(ml/kg-min)
Low CRF (%) 46 (18.1) 15 (15.2) 31 (20.0) - 15 (11.1) 2(4.7) 13 (14.1) 31(26.1) 13(23.2) 18 (28.6)
Normal CRF (%) 68 (26.8) 26 (26.3) 42 (27.1) - 39 (28.9) 11 (25.6) 28 (30.4) 29 (24.4) 15 (26.8) 14 (22.2)
Good CREF (%) 115 (45.3) 47 (47.5) 68 (43.9) - N50.139 66 (48.9) 23 (53.5) 43 (46.7) 49 (412) 24 (42.9) 25(39.7) <0.05 <0.05 N50.092
Excellent CRF (%) 25 (9.8) 11 (11.1) 14 (9.0) - 15 (11.1) 7 (16.3) 8(8.7) 10 (8.4) 4(7.1) 6(9.5)

I Number of pathologies/diseases, signs, and symptoms related to ARFS [14]. BP, body power; f, force; CRF, cardiorespiratory fitness; HGS, handgrip strength; NS, statistically
non-significant; PSIMP-ARFSQ-10, Pathologies and Symptomatology Questionnaire associated with Adverse Re-actions to Foodstuffs; RFD, Rate of Force Development in N/s; T-score,
bone health indicator; VO,max, maximal oxygen consumption; w, weight; WHO, World Health Organization.
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3.2. Prevalence of Adverse Reactions to Foodstuffs According to Age Groups

Figure 1 presents the prevalence of positive type 1 and type 2 food hypersensitivities
across different age groups. The most prevalent positive sIgE-mediated or type 1 food
hypersensitivity and slgGy-mediated or type 2 food hypersensitivity were legumes (50%
and 64%), nuts (40% and 61%), and egg (5% and 63%) (p < 0.05), respectively. The most
prevalent type 1 food hypersensitivities in adults in the younger age group were legumes
(53%) and seeds (45%), while they were legumes (46%) and nuts (42%) in adults in the older
age group. Analogously, the most prevalent type 2 food hypersensitivities in adults in the
younger age group were eggs (66%) and nuts (63%), while they were legumes (68%) and
eggs (60%) in adults in the older age group.

TOTAL MEAN sig AbR
80%

MILK*** SEEDS
FRUIT NUTS
VEGETABLES* CEREAL
SHELLFISH AND MOLLUSCS GLUTEN-FREE CEREAL

FISH* MEAT

%POSITIVE >3.5 kUa/l

IMMUNE-MEDIATED ARFS

Figure 1. Prevalence of type I and type II hypersensitivity reactions according to age groups.
*p <0.05 ** p <0.001. Asterisks “*” beside food groups show statistical differences between
overall orange color curves and mean sIgE AbR compared to total mean sIlgG; AbR among
12 established food groups. Values bearing different letters are significantly different (a # b # ¢;
x #y # z). kU, /L, kilounits of allergen per liter; sIg, serum immunoglobulins; sIgE, serum im-
munoglobulin E; sIgG,, serum immunoglobulin G4; T1FH, type 1 food hypersensitivity; T2FH, type
2 food hypersensitivity.

3.2.1. Type 1 Food Hypersensitivity

The mean total sIgE AbR was 4.22 4+ 4.9 kUA /L, which is almost 40% of sIgE AbR
positivity in the studied sample. Nearly half of the subjects showed positive food-specific
sIgE AbR against legumes, seeds, and nuts, while nearly one-third presented positive sIgE
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ADR against cereal and gluten-free cereal (Figure 1). The shellfish food group was the only
group showing significant differences by sex, with a higher prevalence of positive sIgE
ADR in women compared to men (20.6% vs. 11.1%, respectively) (p < 0.05). The mean total
food allergen-specific sIgE AbR for the younger and older age groups were 4.6 + 5.6 and
3.8 £ 3.9 kUA/L, respectively (p > 0.05). However, the cereal and meat food groups showed
a statistically higher prevalence of positive sIgE AbR in the younger age group compared to
the older age group of adults (both p < 0.05). When comparing food allergen-specific sIgE
ADR by sex between the younger and older age groups, a higher prevalence of positive
sIgE ADR against seeds, fish, and meat was found among younger age men compared to
older age men, while a higher prevalence of positive sIgE AbR against meat and egg was
found among younger age women compared to older age women (all p < 0.05).

3.2.2. Type 2 Food Hypersensitivity

The mean total sigG4 AbR was 13.65 & 13.93 kUA /L, which is around 70% of sIgGy
ADR positivity in the studied sample. Approximately two thirds of the subjects showed a
positive food-specific sIgG4 AbR against legume, nut, and egg-specific sigG4 AbR, followed
by around one-third of subjects with positive specific AbR against seeds, cereal, gluten-free
cereal, vegetable, fruits and milk (Figure 1). Women showed a higher prevalence of positive
slgG4 AbR against the legume food group compared to men (68.4% vs. 56.6%, respectively)
(p < 0.05), while men showed higher prevalence of positive sIgG4 AbR against the gluten-
free cereal, seeds, fish, and meat food groups compared to women (39.4% vs. 21.9%, 45.5%
vs. 30.3%, 20.2% vs. 5.2%, and 26.3% vs. 15.5%, respectively) (all p < 0.05). The mean
total food allergen-specific sIgG4 AbR values for the younger and older age groups were
14.37 £ 14.12 and 12.84 + 13.71 KUA /L, respectively (p > 0.05). However, a higher preva-
lence of positive sIgGs AbR values against the cereal and milk food groups was found in
the younger age group compared to the older age group (both p < 0.05). When comparing
food allergen-specific sIgGs AbR by sex between the younger and older age groups, a
higher prevalence of positive sIgG4 AbR against cereal was found among younger age
men compared to older age men (p < 0.05). Similarly, a higher prevalence of positive sIgGy
ADbR against cereal and fish was found among younger age women compared to older
age women (all p < 0.05). On the other hand, the legume food group showed a higher
prevalence of positive sigG, AbR values in the older age group compared to the younger
age group.

Further information about type 1 and type 2 food hypersensitivities by sex and age
are referred to in Table S1.

3.2.3. Lactose Intolerance and Fructose Malabsorption

Around one-third of the studied subjects showed either positive lactose or fructose
malabsorption, and around one out of ten subjects presented both positive lactose intoler-
ance and fructose malabsorption. The highest prevalence of non-immune-mediated ARFS
in the studied sample was found in the older age group, although there were no significant
differences among the evaluated age and sex groups (Figure 2).

Table S3 of the Supplementary Material of this manuscript shows ARFS types by sex
and age groups. Briefly, the prevalence was 28% for positive immune-mediated ARFSs
and 11.3% for positive non-immune-mediated ARFSs. However, while examining the
prevalence of immune-mediated ARFSs by the established sex and age groups, women
older than 45 y had a greater prevalence of immune-mediated ARFSs compared to women
aged 45 or younger (p < 0.01). Regarding non-immune-mediated ARFSs, women older
than 45 y showed a higher prevalence of positive lactose intolerance than those aged 45
or younger (p < 0.05). No further significant differences were found between sex and age
groups with positive ARFSs (p > 0.05).
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Figure 2. Prevalence of lactose and fructose malabsorption according to age and sex groups.
OA, older age group; YA, younger age group; LCI, lactose intolerance; FCI, fructose malabsorption;
NS, statistically non-significant; y, years of age.

3.3. Physical Performance
3.3.1. Physical Performance Variables and Sample Characteristics

Significant associations were found between the physical performance variables (car-
diorespiratory fitness as estimated VO,max, maximal handgrip strength, leg power, sit-to-
stand speed, body balance, and resting heart rate distributions) and the studied categories
of sex, age, BMI, and symptomatology (Figure 3). There were no significant differences
between physical performance variables and self-reported physical activity and between
physical performance variables and the subjects’ living situations (number of people liv-
ing with) (p > 0.05). Significant associations, endorsing men, were observed between the
estimated VO,max, maximal handgrip strength, and leg power with sex categories (all
p < 0.001). In addition, women exhibited significantly higher resting heart rate values.
There were no significant associations between the men’s and women’s sit-to-stand speed
and body balance values. The younger age group significantly outperformed the older
age group in the cardiorespiratory fitness, leg power, and sit-to-stand speed variables (all
p < 0.001). Cardiorespiratory fitness and leg power were significantly associated with BMI,
and it was observed that greater distribution values of the estimated VO, max and leg power
were significantly related to BMI values of <25 (p < 0.01). Furthermore, greater distribution
values of maximal handgrip strength, leg power, and resting heart rate were significantly
associated with lower PSIMP-ARFSQ-10 scores (scores from 6 to 12) in the total sample
of studied subjects (all p < 0.05). Sex, age, BMI, and symptomatology PSIMP-ARFSQ-10
scores were all contributing factors in leg power distribution values (all p < 0.05).
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Figure 3. Physical performance variables and sample characteristics. * p < 0.05, ** p < 0.01,
*** p <0.001. ARFS, adverse reaction to foodstuffs; BMI, body mass index; bpm, beats per minute;
CRE, cardiorespiratory fitness; f/w, force/weight; HGS, handgrip strength; NS, statistically non-
significant; RFD /w, rate of force development/weight (sit-to-stand speed); VO, max, maximal oxygen
consumption; y, years of age.
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3.3.2. Physical Performance Variables and Adverse Reactions to Foodstuffs

The prevalence of subjects testing positive for both type 1 and type 2 food hyper-
sensitivities was greater in those with high physical performance compared to those
with low physical performance. Meanwhile, subjects with positive lactose intolerance
were significantly associated with low physical performance compared to high physical
performance (Figure 4). The maximal handgrip strength showed a significant decrease with
positive lactose intolerance compared to negative lactose intolerance (p < 0.05). Nonetheless,
there were no significant variations in cardiorespiratory fitness between the established
positive groups of food hypersensitivities and food intolerance. Nevertheless, some associ-
ations have been observed while studying the 12 food groups and physical performance
variables (Table S2).
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Figure 4. Physical performance according to types of ARFSs. * p < 0.05, ** p < 0.01, *** p < 0.001.
ARFS, adverse reactions to foodstuffs; FCI, fructose malabsorption; FCI-only, positive fructose
malabsorption and negative lactose intolerance subjects; IgE, immunoglobulin E; IgE-only, positive
sIgE AbR and negative sIgG4 AbR subjects; IgG4, immunoglobulin Gy4; IgG4-only, positive sigG4 AbR
and negative sIgE AbR subjects; LCI, lactose intolerance; LCI-only, positive lactose intolerance and
negative fructose malabsorption subjects; NS, statistically non-significant; PP, physical performance.

Positive food-specific sIgG4 AbR was significantly associated with several physical
performance variables. Food allergen-specific sIgGs AbR was positively related to higher
cardiorespiratory fitness values for the cereal, fish, nut, and shellfish food groups; higher
maximal handgrip strength values for the milk and meat food groups; higher sit-to-stand
speed values for the legume food group; and higher balance values for the fish food group.
In contrast, food-specific sIgG4 AbR were related to lower sit-to-stand speed values for
the cereal food group and resting heart rate values for the egg food group (all p < 0.05).
No significant differences in higher leg power or in higher or lower physical performance
values for food-specific sIgE AbR were found (Figure S1).

Subjects belonging to the older age group had more significant positive food allergen-
specific sIgE and sIgG4 AbR values against the studied food groups when higher levels
of the analyzed physical performance variables were observed. Subjects older than 45 y
showed significant higher values of cardiorespiratory fitness when there were positive
sIgGy AbR values against cereal, fish, and seeds or when there were positive sIgE AbR
values against eggs. In addition, a higher maximal handgrip strength was found when there
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were positive sIgG4 AbR values against fish or when there were positive sIgE AbR values
against meat; moreover, there was higher leg power when there were positive sIgk AbR
values against vegetables. Furthermore, a higher sit-to-stand speed was found when there
were positive slgG, AbR values against cereals, fish, and legumes, and finally, there was
higher body balance when there were positive sigG4 AbR values against fish, shellfish, and
mollusks or when there was positive sIgE AbR values against meat, seeds, shellfish, and
mollusks. There were no significant associations between positive food allergen-specific
ADR values and resting heart rate (Figure S2).

3.4. Physical Performance as an Associated Factor in Adverse Reactions to Foodstuffs

In order to comprehend the connection between physical performance and ARFSs,
logistic regression models were constructed, adjusting the data for demographic factors and
sample characteristics (age, sex, and BMI). ORs were determined to measure how strongly
having a better physical performance was associated with having any of the analyzed
categories of ARFSs (Figure 5).
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Figure 5. Odds ratio associations between physical performance and ARFS food groups. * p < 0.05,
** p < 0.01. AbR, antibody reactions; ARFS, adverse reactions to foodstuffs; BMI, body mass index;
LCI, lactose intolerance; FCI, fructose malabsorption; OA, older age group (>45 y); OW, overweight;
T1FH, type 1 food hypersensitivity; T2FH, type 2 food hypersensitivity; YA, younger age group
(£45y); both -, both negative.

Subjects with high physical performance were over 1.5 times as likely to have expe-
rienced a positive type 1 food hypersensitivity compared to subjects with low physical
performance (45.3% vs. 35.1%, respectively; OR = 1.53; 95% CI (1.00, 2.54); p < 0.05). Men
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with high physical performance showed a 2.6-fold increase in the odds of positive sIgE-
mediated food hypersensitivity to nuts compared to men with low physical performance
(52.4% vs. 29.8%, respectively; OR = 2.59; 95% CI (1.13, 5.94); p < 0.05); similarly, there was
an 1.8-fold increase in the odds of positive sIlgE-mediated food hypersensitivity to nuts in
subjects with high physical performance aged > 45 years compared to subjects with low
physical performance (50.0% vs. 35.4%, respectively; OR = 1.83; 95% CI (1.10, 3.82); p < 0.05).
There was a 2.3-fold increase in the odds of positive sIgE-mediated food hypersensitivity
to nuts in subjects with high physical performance presenting overweight or a higher
BMI compared to subjects with low physical performance (50.0% vs. 31.3%, respectively;
OR =2.27; 95% CI (1.02, 5.31); p < 0.05). In contrast, among those subjects with high
physical performance whether women and adults aged <45 y appeared to be more prone
to develop IgG4-mediated ARFS to legumes compared to their low physical performance
counterparts (women, 76.6% vs. 62.6%, respectively; OR = 1.95; 95% CI (1.03, 3.99); p < 0.05);
(adults < 45y, 71.2% vs. 53.0%, respectively; OR = 2.19; 95% CI (1.04, 4.58); p < 0.05).

No significant associations were observed for the calculated OR within the lactose
intolerance and fructose malabsorption categories. However, the analysis of age groups
regarding lactose intolerance and fructose malabsorption revealed that the younger age
group with high physical performance was linked to a 2.23-fold rise in the odds of test-
ing negative for both lactose intolerance and fructose malabsorption (59.4% vs. 36.9%,
respectively; OR = 2.23; 95% CI (1.04, 5.56); p < 0.05).

4. Discussion

This study utilized a well-defined group of Spanish adults self-reporting symptoms
related to ARFSs to determine potential factors analyzing novel relationships between
physical performance and ARFSs. ARFS prevalence was determined, associations between
physical performance variables and food allergen-specific AbR were evaluated, and ORs’
associations of high physical performance with the likelihood of presenting an ARFS
were explored.

It remains unclear at this point whether sIgG; AbR is associated with disease im-
provement, involved directly in the allergic response, or serves as an indicator of disease
severity and food hypersensitivity. Nevertheless, the mechanisms of sIgGs AbR in the
food allergy cascade have not been analyzed in present study. Food allergen-specific sIgGy
ADR was classified as type 2 food hypersensitivity associated with ARFS symptoms based
on descriptive studies [4,31]. Among the studied food groups, the prevalence of type 2
food hypersensitivity was significantly higher than type 1 food hypersensitivity. Partic-
ipants with type 1 food hypersensitivity had a higher prevalence of positive sIgE AbR
against legumes and seeds, while those with type 2 food hypersensitivity showed a higher
prevalence of positive sIgG4 AbR against legumes and nuts.

In a previous study conducted in Sweden, it was observed that sensitization to nuts is
highly prevalent in adults [32]. In this Swedish cohort, it was found that the prevalence of
sIgE AbR against nuts was 21.2% in 24-year-old adults. However, the present research found
that adults aged 45 or younger had a prevalence of 38.5% for sIgE AbR against nuts. It was
also stated that tree nut type 1 food hypersensitivity is linked to the development of early,
long-lasting, and severe allergic conditions in adulthood. Overall, a European systematic
review and meta-analysis revealed that food hypersensitivities to certain food groups,
previously considered unimportant in adulthood, are now acknowledged as important
food hypersensitivities, particularly type 1 food hypersensitivity against fruits, vegetables,
seeds, legumes, grains, and cereals [33].

Associations were identified among various physical fitness tests, age groups, so-
ciodemographic descriptions, general sample characteristics, and ARFS biomarker values
(type 1 food hypersensitivity, type 2 food hypersensitivity, lactose intolerance, and fructose
malabsorption). Generally, cardiorespiratory fitness is measured together with asthma
allergic incidence, but data regarding their direct relationship to food hypersensitivity are
still lacking [34]. The direct and novel relationship between physical fitness tests and the
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prevalence of certain positive food hypersensitivity reactions is still unexplored. However,
the role that any food hypersensitivity may have in physical performance is clearly different
depending on the type of food hypersensitivity and the food group involved in the disease
(Figure S1). A study of allergy in English runners showed that the prevalence of allergy
(response to environmental allergens) in recreational marathon runners was higher than
that in the general population [35]. Considering the “dual allergen exposure hypothesis”,
changes in environmental conditions during sports may also contribute to ARFS disease
progression, and the discipline and environment around the exercise development might
also be of great influence [13].

The food allergen-specific biomarkers of type 1 and type 2 food hypersensitivities,
sIgE ADR and sIgG4 AbR, were examined in 12 specific food groups and associated with
physical performance variables, and they showed significant differences across age groups
and the fitness tests which were measured as physical performance variables. In com-
parison to the older age group, the younger age group showed positivity for fewer food
groups when evaluating each physical performance variable against the 12 analyzed food
groups. In the older age group, cardiorespiratory fitness revealed significant positive
associations in half of the studied food groups when compared to the younger age group.
Cardiorespiratory fitness is currently acknowledged as a key factor in studies involving
health assessments [36]. Cardiorespiratory fitness has also been recognized as an indicator
of inflammation, whether it is acute (infectious illness) or chronic (long-term from other
conditions like atherosclerotic heart disease), both of which can affect physical abilities [37].
Previous studies have also found direct connections between osteoarthritis, allergies, and
metrics of physical health [38]. Previous research has shown associations between food
allergy and osteoarthritis, particularly because patients with milk, meat, and vegetable
food allergies often follow restrictive diets low in calcium, magnesium, and other key nu-
trients which can impact their musculoskeletal and bone health, worsening their physical
conditions in the long term [39].

In both children and adults, lactose intolerance is frequently associated with gas-
trointestinal discomfort. Studies in the adult population were focused on the impact of
lactose intolerance on athletes and physically active individuals. Lactose appears to have a
significant role in muscle recovery and function as a vehicle for the delivery of glucose and
galactose [40]. In the current study, adults with positive lactose intolerance showed signifi-
cantly reduced handgrip strength values. These results are aligned with previous findings
about the strong relationship between handgrip strength and gastrointestinal symptoms,
enzymatic food intolerance, such as lactose intolerance, and other chronic diseases [41].

Features associated with food hypersensitivity include assessments such as a clinical
history evaluation and an analysis of the type of allergen exposure. In developed countries,
physically active adults with limited allergen exposure since childhood may be greatly
influenced by the transition from a protected environment to engaging in physical exercise
in adulthood when it comes to food hypersensitivity. Some food allergen extracts in certain
age groups have a greater impact than others, such as nuts, with a higher prevalence in
European adults than children, or legumes, with significant prevalence in Spanish women
older than 14 years of age [42].

4.1. Strengths and Limitations
4.1.1. Strengths

Significant disparities in levels of physical fitness and exercise have been documented
among adults based on race and income. The present paper involves a clearly defined
sample of Caucasian Spanish adults, with most of them being employed (>80%) and having
received a university education or higher (>70%). The studied sample showed satisfactory
homogeneity in terms of demographic characteristics. The methodology of this study
adhered to well-known standardized methods for accurately measuring body composi-
tion and physical performance variables. The ALASKA study protocol was specifically
developed for this study on ARFS and for a physical performance analysis. The staff
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members of the INFINE Research group who carried out the ALASKA study evaluations
were specialized in physical fitness tests (sports physicians and physical activity and sport
science practitioners).

4.1.2. Limitations

The ARFS biomarkers analyzed in this study were focused on type 1 food hypersensi-
tivity, type 2 food hypersensitivity, lactose intolerance, and fructose malabsorption. There
might be other interesting biomarkers associated with ARFS. Thus, when analyzing other
types of ARFSs, there could be other recommended relevant variables of interest, such as
celiac disease. Some other ARFS-related measurements might be the characterization of the
microbiota, genetic testing (HLA DQ-2 and DQ-8), and serum biomarkers such as type 2
transglutaminase, deamidated gliadin peptide, gliadins, and microbial transglutaminase.

The findings of this research were based on a group of adults who self-reported
PSIMP-ARFSQ-10 scores of 6 or higher. However, further studies are needed to conclude
the association between high physical performance and the odds of experiencing an ARFS
in the general adult population.

Participants in the ALASKA study mostly met the World Health Organization’s current
physical activity recommendations. It would be relevant to perform the same analysis in a
population who self-report not meeting these recommendations.

4.2. Future Research

Dietary patterns and the type of exercise or sport are important aspects to consider
for future research studies regarding ARFSs. Further investigation is needed to determine
the potential influence of focused ARFS interventions on the connections between physical
performance and overall sample characteristics.

5. Conclusions

The most common ARFS in the overall sample of the studied Spanish adults was
legumes (50% and 64%, respectively, for type 1 and type 2 food hypersensitivities). Adults
aged 45 y or younger had the most prevalent sigE-mediated or type 1 food hypersensi-
tivities to legumes (53%). Analogously, adults older than 45 y of age presented the most
prevalent sIgGs-mediated or type 2 food hypersensitivities to legumes (68%). The total
positive sIgG4 AbR was associated with higher values of physical performance and was
significantly related with higher values of body balance compared to negative sIlgG4 AbR.
Non-immune-mediated reactions or food intolerances were linked to lower values of phys-
ical performance; specifically, lactose intolerance was inversely associated with maximal
handgrip strength. The probability of developing total positive sIgE immune-mediated
reactions or type 1 food hypersensitivity is higher in subjects presenting better physical
performance. Age, sex, and specific involved food groups (nuts, seeds, legumes, cereals,
and fruits) might be factors of crucial influence when evaluating the odds of developing an
AREFS in adults with high physical performance. Further research is needed to clarify the
relationship between physical performance-related variables and ARFSs.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/nu16244384 /s1, Table S1: Food-specificimmunoglobulin E antibody
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