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What Are the Effects of a Mediterranean Diet on Allergies and Asthma in Children?
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This review updates the relationship between the adherence to Mediterranean diet (MedDiet) assessed by questionnaire and asthma, allergic rhinitis, or atopic eczema in childhood. It deals with the effect of MedDiet in children on asthma/wheeze, allergic rhinitis, and atopic dermatitis/eczema, and also with the effect of MedDiet consumption by the mother during pregnancy on the inception of asthma/wheeze and allergic diseases in the offspring. Adherence to MedDiet by children themselves seems to have a protective effect on asthma/wheezing symptoms after adjustment for confounders, although the effect is doubtful on lung function and bronchial hyperresponsiveness. By contrast, the vast majority of the studies showed no significant effect of MedDiet on preventing atopic eczema, rhinitis, or atopy. Finally, studies on adherence to MedDiet by the mother during pregnancy showed some protective effect on asthma/wheeze symptoms in the offspring only during the first year of life, but not afterward. Very few studies have shown a protective effect on wheezing, current sneeze, and atopy, and none on eczema. Randomized control trials on the effect of the adherence to MedDiet to prevent (by maternal consumption during pregnancy) or improve (by child consumption) the clinical control of asthma/wheezing, allergic rhinitis, or atopic dermatitis are needed.
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INTRODUCTION

Diseases such as asthma, allergic rhinitis, or atopic eczema have increased in the last decades, and the highest incidence seems to occur among children (1). One of the explanations of that increase from the environmental pint of view relates to changes in diet (2). The main components of the modern diet are foods which have been highly processed, modified, stored, and transported over great distances. Furthermore, some reports show a trend to consume higher amounts of saturated fats, such as burgers, and sugar such as soft drinks (3). By contrast, the traditional diet is produced and marketed locally and is eaten shortly after harvesting (4).

One of these traditional diets is the Mediterranean diet (MedDiet). The term MedDiet refers to dietary patterns in the Mediterranean region. MedDiet is characterized by a high intake of fruits and vegetables, bread and whole grain cereals, legumes, and nuts; low-to-moderate consumption of dairy products and eggs; and limited amounts of meat and poultry. This diet is low in saturated fatty acids and rich in antioxidants, carbohydrates, and fiber. It also has a high content of monounsaturated fatty acids and n − 3 polyunsaturated fatty acids (PUFAs), mainly derived from olive oil (from fish in some areas) (5).

In the last decade, several epidemiological studies have reported a protective effect of MedDiet on asthma, rhinitis, and atopic eczema, while others did not find any protective effect of this diet on those conditions. Therefore, before nutritional therapy could be included in guidelines devoted to preventing the inception of asthma and allergic diseases in childhood, or to improving the clinical course of those diseases, it is necessary to have a complete view of the current evidence from epidemiological studies. Then, it is time to perform randomized clinical trials (RCTs).

The aim of the present review is to update the evidence on whether the adherence to MedDiet has some effect on asthma, allergic rhinitis, and atopic eczema in childhood.

WHAT IS THE EVIDENCE SO FAR?

We conducted an electronic literature search using Medline/PubMed and EMBASE in September 2016 and extended back to 1960. The terms used to search both in titles and in abstracts were “(((Mediterranean Diet)) AND ((asthma OR wheezing)) OR ((allergic rhinitis)) OR ((atopic dermatitis OR atopic eczema)) AND ((children))).” Only original studies with human subjects were included. No restriction was made for publication language or publishing status. Also, cross-referencing from the articles found was used to complete the search.

A total of 46 studies were retrieved electronically. Among those, 24 studies were excluded for the following reasons: reviews (n = 9), editorials (n = 6), systematic reviews (n = 4), no inclusion of MedDiet (n = 1), adult population (n = 2), different outcome (n = 1), and clinical trial design (n = 1). Therefore, 22 original studies were included in the present review. All were observational studies (cross-sectional, cohort, or case–control studies) and assessed the adherence to MedDiet by dietary information collected using food frequency questionnaires and scoring MedDiet by means of different scores.

Effect of MedDiet Consumption by Children on Asthma/Wheeze

Fifteen studies were retrieved (Table 1) on this topic. We previously reported (6) eight of these studies (7–14) in a systematic review with a meta-analysis. In that review on 39,804 children, we found a negative association of “current wheezing” with the highest tertile of MedDiet score adherence (OR 0.85 [0.75–0.98]; p = 0.02). This result was driven by Mediterranean centers (0.79 [0.66–0.94], p = 0.009). A similar figure was found for “current severe wheeze” (OR 0.82 [0.55–1.22], p = 0.330 for all centers; and OR: 0.66 [0.48–0.90], p = 0.008 for Mediterranean centers). Mediterranean centers were centers <100 km from the Mediterranean coast.

TABLE 1 | Summary of studies reporting the association between adherence to MedDiet and asthma/wheezing, allergic rhinitis, and dermatitis/eczema in children.

[image: image1]

[image: image1]

However, seven studies, most of them recently published, were not included in the aforementioned review (6). Two studies were performed in Greece (17, 19), and one in each of the following countries: Mexico (15), Spain (16), Turkey (18), Brazil (20), and Peru (21). In three studies, adherence to MedDiet was significantly associated with lower asthma symptoms (17, 19, 21). Additionally, adherence to MedDiet was significantly associated with improved lung function in one study (15), but not in another one (21). By contrast, one study (16) showed higher asthma prevalence among girls with higher adherence to MedDiet. In two studies (18, 20), no significant effect of MedDiet was found. Interestingly, an inverse mediating effect of MedDiet was observed for the urban environment–asthma relation (standardized beta = −0.029, p < 0.001), while physical activity had no significant contribution, adjusted for several confounders (19). A direct interaction of MedDiet with maternal education was found in one of the studies (21).

Effect of MedDiet Consumption by Children on Allergic Rhinitis and Dermatitis/Eczema

With respect to the association between MedDiet consumption and allergic rhinitis and/or atopic dermatitis, 8 studies were retrieved (Table 1). Two studies were carried out in each of Spain (8, 25) and Turkey (26, 27), one was worldwide (13), and one in each of the following countries: Greece (9), Peru (21), and Mexico (12). High adherence to MedDiet was significantly protective for allergic rhinitis and atopy in only one study (9) as measured by skin prick test (SPT). However, no effect on allergic rhinitis was demonstrated in the other four studies (8, 21, 26, 27). Moreover, no significant effect of MedDiet was demonstrated on atopic dermatitis (25), nor on atopic sensitization as defined either by specific IgE (21) or by SPT (13).

Effect of MedDiet Consumption by Mother on Asthma/Wheeze/Allergic Diseases in the Offspring

Seven studies that explore this effect were retrieved (Table 2). Four studies were done in Spain (10, 28–30), one in Mexico (12), one in the US (31), and one in Greece/Spain (32). In all of them, the outcome was asthma/wheeze. In three studies, atopic eczema/atopy was included (30–32), and in two studies, rhinitis was also included (12, 30). The offspring were surveyed at different times. In three studies, it was during the first year of life (28, 29, 32), at 3 years in one study (31), at 4 years in another one (30), and at 6.5 years of life in the others (10, 12).

TABLE 2 | Summary of studies reporting the association between adherence to MedDiet during pregnancy and asthma/wheezing/allergic disease in offspring.
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Adherence to MedDiet by the mother had a protective effect on wheeze during the first year of life in the offspring in one study (29), and this effect disappeared after adjusting for confounders in another study (28). In three studies (30–32), the effect of maternal MedDiet had no significant effect on wheeze. When combined maternal and child adherence to MedDiet was analyzed, only one study showed a protective effect on persistent and atopic wheezing, and atopy by SPT at 6.5 years of age (10). However, another study did not find any such association (30). Regarding atopic eczema and allergic rhinitis, adherence to MedDiet by the mother had no significant protective effect in the majority of the studies, except for one (12) in which maternal MedDiet consumption was protective for current sneeze in the offspring at 6–7 years of age.

In summary, adherence to MedDiet by children themselves seems to have a protective effect on asthma/wheezing symptoms after adjusting for confounders, but the effect is doubtful on lung function and bronchial hyperresponsiveness. By contrast, the vast majority of the studies showed no significant effect of MedDiet on preventing allergic diseases (atopic eczema, rhinitis, or atopy). Finally, studies on adherence to MedDiet by the mother during pregnancy showed some protective effect on asthma/wheeze symptoms in the offspring only during their first year of life, but not after. Only very few studies showed a protective effect on wheezing, current sneeze, and atopy. No study has shown any protective effect on atopic dermatitis.

The results of the protective effect of MedDiet on asthma/wheezing symptoms in children found in the present review expand the results reported in systematic reviews with meta-analyses previously carried out by our group (6) and by others (33). The present report also confirms the protective effect of MedDiet consumption by the mother on asthma or allergic diseases in their offspring, as was described in a different review published by our group (34) and by others (35, 36), suggesting some epigenetic effect of diet. However, no systematic review on the effect of MedDiet on other allergic diseases, i.e., rhinitis or atopic eczema has been previously published. In the present study, no effect was shown in seven out of eight studies.

HOW MedDiet MIGHT WORK?

In the past decades, one of the most important environmental changes worldwide has been that of diet patterns. Due to changes in dietary fat intake (by increasing n − 6 PUFAs and decreasing n − 3 PUFAs), through an increased production of prostaglandin (PG) E2 might have contributed to the increase in the prevalence of asthma (37). PGE2 suppresses T-helper (Th) 1 and increases Th2 phenotype, thus reducing IFN-gamma. Th2 phenotype, in which there is an increase of IgE isotype switching, is associated with asthma and atopic diseases. On the other hand, diets low in antioxidants may have increased the susceptibility to develop asthma (38). In this case, the proposed mechanism involves the decline of lung antioxidant defenses, resulting in increased oxidant-induced airway damage.

Several of those studies reported on the beneficial effect of single foods rich in n − 3 PUFA or antioxidants on asthma or allergic diseases. A meta-analysis concluded that increased consumption of vegetables and fruits, zinc, and vitamins A, D, and E, is related to lower prevalence of asthma and wheeze in children and adolescents (36). However, most of the studies included in that meta-analysis fail to account for the interactions between nutrients (39). Yet, since our normal eating behavior is to follow certain diet patterns that contain many specific foods, it seems reasonable to put the focus on food patterns or diets.

Mediterranean diet is rich in both antioxidants and cis-monounsaturated fatty acids. Moreover, cereals (whole grain) are rich in vitamin D, phenolic acids, and phytic acid. Moreover, fruits, vegetables, and legumes are rich in vitamins C and E, carotenoids, selenium, and flavonoids (5). Additionally, olive oil for cooking and dressing salads is an important part of MedDiet. The main active components of olive oil are oleic acid, phenolic derivatives (hydroxytyrosol, tyrosol, oleuropein, and ligstroside), and squalene, all of which have been found to exhibit a marked antioxidant activity. Also, oleuropein and hydroxytyrosol (its hydrolysis product) are among the most potent antioxidants (40). One study has shown that, after a multivariate analysis, olive oil consumption by the mother during pregnancy, but not MedDiet, remained as a protective factor (aOR = 0.57 [0.4–0.9]) for wheezing during the first year of life in the offspring (28). Therefore, it seems reasonable to think that a higher adherence to MedDiet or olive oil may have some protective effects on asthma and allergic diseases in childhood. The ability of this diet to counteract oxidative stress might have an effect on asthma inception (41).

WHAT IS NEEDED?

All studies included in the present review were observational (cross-sectional, cohort, and case–control) studies. All but one of them used three different MedDiet scores: one modified from Psaltopoulou (22), one modified from KIDMED (23), and another one adapted from Trichopoulou (24). Seventeen studies come from Mediterranean countries (nine from Spain, five from Greece, and three from Turkey). While these observational studies have reported potentially beneficial associations with MedDiet on asthma/wheezing, it is unknown whether an intervention to promote the MedDiet could reduce the prevalence of asthma and allergic diseases in children.

Currently, there are no RCTs testing the hypothesis that adherence to MedDiet could decrease the risk of asthma and allergic disease in children. One pilot RCT in pregnant Scottish women at high risk of having asthmatic or allergic offspring is ongoing (42). It aims are to establish recruitment, retention, and acceptability of the dietary intervention and to assess the likely impact of the intervention on adherence to a MedDiet during pregnancy through seeking a reduction in the incidence of asthma and allergic problems (42). In adults, only one 12-week open-label trial was published (43). In that small study, 38 asthmatic adults were randomized to receive either 41 h of dietician services or only 2 h of services, or just one dietician session and recipes (control). The study achieved its primary outcome of altering the eating habits of participants in the high-intensity intervention toward a MedDiet pattern. The study had not enough power to detect clinical endpoints; however, non-significant improvements in asthma-related quality of life, asthma control, or spirometry were observed in the intervention groups (43).

CONCLUSION

Adherence to MedDiet by children seems to have a protective effect on asthma/wheezing symptoms, but not on allergic rhinitis, eczema, or atopy. Adherence to MedDiet by the mother during pregnancy might have some protective effect on asthma/wheeze symptoms in the offspring only during their first year of life, and few studies have shown some protective effect on current sneeze and atopy, but none on eczema. Randomized control trials on MedDiet adherence to test the real usefulness on primary prevention (by maternal consumption during pregnancy) or on clinical improvement (by patient consumption) of asthma/wheezing, allergic rhinitis, and dermatitis in childhood are needed.
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reduced the harmiul effect of urban living
Siveiraetal (20)  Brazl 268 persistent C-S  Mod. Persistent (mid, moderate or No difference for persistent vs. intermittent asthma (57 Not adjusted
and 126 intermittent Psal2'  severe) vs. intermittent asthma  vs. 52%, p = 0.40)
asthmatic (3-12 years)
Rice et al. (21) Peru 287 asthmatic C-C Mod.  Asthma diagnosis by physician,  OR = 056 [0.36-0.90], p = 0.02; adjOR = 0.55 BMI, sex, age, maternal education
and 96 controls Psal 1° ACT, lung function 0.33-0.92], p = 0.02, for asthma. No difference in

(9-19 years)

Allergic rhinits, atopy (specific IgE)

ACT, nor FEV1. Interaction with maternal education
(higher MedDiet score with more education)
No association with any allergy outcome was found

ACT, asthma control test; adjOR, adjusted odds ratio; M, body mass index; C-C, case control; C-S, cross-sectional; ETS, environmental tobacco smoke; FVC, forced vital capacity; FEV1, forced expiration volume in the first 1 5; Ig,
immunoglobuiin; IL, intereukin; MedDiet, Mediterranean diet; OR, odds ratio; SPT, skin prick test.
“Modified from Psaltopoulou (23) (min-max score: 0-20).
*Moalified from Psaltopoulou (23) (min-mx score: 0-36).

“Modiied from KIDMED (24).

“Adapted from Trichopoulou (25).

*Age, birth weight, livestock during pregnancy, cesarean, antibiotic and acetaminophen consumption during the previous 12 months, inoconjunctivits, dermatits, patemal and matemal asthma, maternal age and education level,
current paternal and matemal smoking, vigorous physical activity, and cats at home in the last 12 months.
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SanchezSols  Span  683(6-8years)  CS  ModPsal Clincal sgnifcant asthma a0 = 0.78 [0.61-0.97) Percent body fat
etal. (1) *
Chatzietal.()  Greeco 690(-18yeas) ~ C-S  KidMed" Cument wheezing, ever wheezing, Not associated with curent and ever wheezing Age, sex, BMI, parental asthma, number of
wheezing ever with atopy older sibings
Alergic hintis ever, alergic iniisacjOR = 0.34 [0,18-0,64], p < 0,001 for allergic hitis
ever with atopy, current alergic  ever; adjOR = 0.39 [0.13-0.97], p < 0.05 for alergic
hiniis ihints ever with atopy; adjOR = 0.40 [0.24-0.99],
P < 0.06 for curent allergic hinitis
GacaMacos  Span  20106(6-7yeaws) C-S  Mod.  Curentoccasionalasthma, ‘20OR = 0.90 [0.82-0.98]for current severe asthma  Older and younger sibing, maternal smoking
etal. (6) Psal2  curent severe asthma ingis
Curent thinoconjunctivis ‘2dOR = 0,98 [0.93-1.0] for cument rhinits in g,
adjOR = 0.99 [0.95-1.03] for current hints in boys
Chatzietal.(10)  Spain 46065 years) CS  KaMed: Persistent wheeze, alopic wheeze  Not associated with sther asthma outcomes Sex, maternal and patera asthma, maternal
social iass and education, BM, total energy
intake
Castro-Rodiguez  Spain 1784 CS  ModPsal Curent wheeze a0OR = 0,54 [0.33-0.88] Several factors®
etal.(11) (@108 years) ™
Romeiuetal.(15)  Mexco 158 asthmatic Cohort Mod.  Inflammatory response (L-€), lung  Positvely assocted with FEVI (p = 0.045)and FCV  Sex, BM previous day min. temperature,
(96 years) T function FEV1, FVC) (0= 0.018) and was modfie fo the effect of 0zone on _coricoid use, chvonological time
50 non-asthmatic FVC (o =002)
93 years)
DeBatleeta.(12) Mexco 1476(6-7years) CS  Mod.  Everasthma, ever wheezing, a0jOR = 0.600.40-0.91] for ever asthma; ‘Sex, maternal education, exercise, current
Tich*  curent wheezing 200R = 0,64 [0.47-0.87) for ever wheozing ETS at home, maternal asthma and rhinfis
Rinitis ever, current rhiniis, 2GOR = 0,64 [0.36-1.15] for hints ever:
current sneezing, currenttchy-  adjOR = 0,67 [0.65-1.18]for curent ini
water eyes aGOR = 0.71 [0.53-0.97]for current sneezi
‘aGOR = 0,96 [0.64-1.45] for current tchy-watery eyes.
Nageletal. (19 20 50004 6-12years) C-S  Mod.  Everasthma,curentwheeze,  adOR = 0.95(0.94-0.99] for ever asthma; Age, sex, ETS, parental atopy, exerciss,
countries Psal2: atopic wheeze, BHR ‘20O = 0,97 [0.94-0,99]for current wheezing; sibings
20OR = 1.05 [0.96-1.14] for BHR
seT No association with posive SPT (aGiOR = 1.00
1095-1.04)
GonzalezBarcala, Span  147006-7and  CS  Mod.  Prevalence and soverty ever aGjOR = 2.26 [1.2~4.2] among gits aged 67 years  BMI, parental smoking, maternal education
etal. (16) 13-14 years) Psal22  asthma
SuarezVerela, etal. Span  20106(6-7years) CS  Mod.  Atopicdemnatis adOR = 1.03[0.99-1.08], p = 0071 Gender, obesity, ETS first year of velfe,
25) Psal2: sivings, exercise
Awaniietal. (14)  Greece  700(10-12yers) C-S  KiMed: Everasthma, asthma symptoms,  Lower ever asthma, any asthma symptoms, ever Age, sex, BMI, physical activy status,
ever wheeze, exerciso wheoze  wheeze, and exercise whoez (ll p < 0.006) energy intake
Grigoropoulouetal. Greece  1.125(10-12years) C-S  KidMed:  Ever asthma (symptoms) adOR: 084 0.77-091) Age, gender, BMI, physical acthvity status,

(17)

and energy intake
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(mother/  design score  dermatitis, and
offspring) allergic rhinitis
outcomes
Cretzi  Span 460 GS  KdMeo® Persistent wheeze  Ahigh MedDiet Score cring ‘Sox, maternal and paternal asthma,
otal (10) andatopic (SPT)  pregnancy was protective for persistent - maternal socia class and educaion, BMI,
Wheeze at 65 years  wheeze (ajOR = 022 [0.08-058).  and total energy intake at age 6.5 years.
atopic wheeze (adjOR = 0.30
0.10-0.90], and atopy (6fOR = 055
10:31-097) at age 6.5 years
DeBatle  Mexco 1476 S  Mod  Everasthma,ever  Noassocilions were found between  Sex, maternal educalion, exercise,
otal (12) Ticht  wheazing, curent  mothers diet score during pregnancy  curent 10bacco smaking at home,
wheezing, hintis  and asthma o allrgc tinis maternalasthvma and matera thintis
ver, curent i, outcomes in chicen i the crude or
curent sneezng.  adjusted analyses, except for curtent
and curent tchy-  sneezing = 0.71 (0.53-0.97]
wetery eyes at
67 years
Casto-  Span 1409 Cohot ModPsal Anywheezoatfrst MedDiet(p = 0.036) and ofve of Sex. excluswe breastieecing. day care,
Rodsiguez * year (0= 0.002) Qurng pregnancy were  eczema, maternal asthma, smoking
etal.(28) sigificanty associted wil less during pregnancy, sibings, moid stains on
wheszing. Only oive i consumption  household wall and preterm bith
remained associated (ajOR = 0.57
104-08. p = 0.002)
lage  US 1376 Cohot Mod.  Fecurentwheeze, OR=064(0.43-095],alOR =098  Sex. maternal race, matemal ecucation
etal (31) Tict  doctor diagnosis of  [0.89-1.08]fo recurrent wheeze. No e, housahald income, maternal and
asthma and atopy at association with doctor's dagnosis of  patemal histoy of asthma, presence
3years asthma, or atopy of chicten at home, maternal o
pregnancy, BMI,breast feeding duation,
passive smoke exposure
Chatz  Span  Spam  Conot Mod.  Wheezeand Not associated with risk of wheeze and  Not adwsted
oa.@ g 177 T eczomaat eczema
Grooce  Greaco: 12 months
745
Pelogini  Span 1,164 Cohot None  ecurentwhoezeal adjOR =0.436(0297-0640] Nursery, eczema, materal asthima,
Belinchon frst year smoking i third timester
etal 29)
Casto-  Span 1001  Cohort ModPsal Curentwheeze,  MedDiet score adherence by mother  Many enviconment factors?
Rodiguez " dermatiis and  and by chid at year 4 dd not remain a
etal (30) alergc miniisat  protective factor for any oulcome
4 years

8GO, adjustod s rato; BMI, bodly mass ingex; C-S, cross-soctional: MedDie, Moditerranean cet; OR, 04(ds rato SPT. sin pick fost.
*Modied from Palopoutu (22) (mir-max score: 0-36).

“Mocited from KIDMED (23).
“Adaped from Trchopoulou (29,

#Age, bith weight and heght, cesarean, antiotic and acetaminophen consumption during the previous 12 monihs, oral conlraception use, parental asthm, parental i
parental dermaits, materml age and edcationlevel. curet pateral and matemal smoking, breastieecig, sbings, pets at home durng pregnancy, mold stain, day care, type of

fusl, TV video and physical activity at 4 years, air pollution, and colds during first year of ife.
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