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Abstract 34 

Atopic dermatitis (AD) or eczema is a chronic inflammatory skin disease characterized by dry, 35 

itchy, and inflamed skin. We review emerging concepts and clinical evidence addressing the 36 

pathogenesis and prevention of atopic dermatitis. We review several interventions ranging from 37 

skin barrier enhancement strategies; probiotics, prebiotics, and synbiotics, and conversely, 38 

antimicrobial exposure; vitamin D and omega fatty acid supplementation; breastfeeding and 39 

hydrolyzed formula; house dust mite avoidance and immunotherapy. We appraise the available 40 

evidence base within the context of the GRADE approach. We also contextualize our findings in 41 

relation to concepts relating atopic dermatitis and individual-patient allergic life trajectories 42 

versus a linear concept of the atopic march and provide insights into future knowledge gaps and 43 

clinical trial design considerations that must be addressed in future research. Finally, we provide 44 

implementation considerations to detect population-level differences in AD risk. Major 45 

international efforts are required to provide definitive evidence regarding what works, and what 46 

does not, for preventing AD. 47 
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Introduction 49 

Atopic dermatitis (AD), commonly referred to as eczema or atopic eczema, is characterized by 50 

itch and skin inflammation that impairs multiple aspects of patient and family quality of life1. 51 

Representing the most common chronic inflammatory skin disease, AD affects an estimated 13% 52 

of children and 5% of adults worldwide1. In the United States alone, AD incurs an estimated 53 

annual cost of over $5 billion2.  54 

AD typically presents within the first six months of life and persists into adulthood in 25%. 55 

Preventing even a modest proportion of cases of AD could therefore yield major individual-56 

patient, health system, and socioeconomic benefits3-5. Clinical guidance addressing AD, 57 

however, predominantly focuses on treatment1, 6, 7 rather than prevention8. Thus, this review 58 

updates the evidence regarding how to prevent AD. We focus on actionable interventions rather 59 

than genetics or other non-modifiable factors.  60 

Traditionally, the early onset of AD, compared to other allergic diseases such as allergic rhinitis 61 

and asthma, led to the hypothesis that AD progresses to allergic rhinitis and then to asthma in a 62 

linear progression sequence9, 10. While the average onset of disease among populations may 63 

generally follow this pattern, it is now evident that many individuals do not follow this pattern. 64 

Longitudinal clustering analyses of patients with AD show diverse life-course trajectories, 65 

including AD occurring in isolation, AD with rapid resolution, persistent AD, and various 66 

combinations involving AD with rhinitis, asthma, or food allergy (Figure 1). These data suggest 67 

that the pathogenesis of allergies may not always follow a traditional sequential progression 68 

model11-14. Thus, whether preventing AD definitively prevents the development of other allergic 69 

diseases remains a hypothesis with strong biologic plausibility, but, as of yet, insufficient 70 
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supporting clinical outcome data. This review therefore focuses on prevention of AD, rather than 71 

prevention of the progression from AD to developing other allergic diseases. Additional reviews 72 

in this issue address prevention of other allergic diseases15. We also discuss the relevance of 73 

considering the degree of risk in the population being targeted for prevention, and whether the 74 

intervention is more likely to prevent mild AD, or moderate-to-severe AD to help provide a 75 

framework for considering the presented summaries of the evidence addressing the different 76 

prevention strategies. 77 

 78 

Theories of pathogenesis of AD 79 

The pathophysiology of AD is complex and multifactorial, but the incipient early events causing 80 

new disease remain uncertain. Efforts to prevent AD concentrate on enhancing the skin barrier, 81 

addressing immune dysregulation, and controlling allergen exposure. In this context, we discuss 82 

the relevant mechanistic data and theories associated with these strategies. 83 

 84 

Impaired skin barrier 85 

Impaired skin barrier, a hallmark of established AD, may also have a role in the etiology of AD. 86 

Skin barrier function is primarily determined by corneocytes and associated stratum corneum 87 

intercellular lipid matrix16. The cytoskeleton of the corneocytes, formed by keratin-filaggrin 88 

bundles, provides mechanical resistance to the skin barrier against environmental stressors16. The 89 

intercellular lipid matrix, consisting of equal molars of ceramides, free fatty acids and 90 
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cholesterol17, prevent water loss (evaporation/dehydration) and penetration of allergens and 91 

irritants into the skin18. Consequently, genetic defects in the epidermal barrier (e.g., loss of 92 

function of the gene encoding filaggrin [FLG]19) are associated with developing AD20. 93 

Prospective birth cohort studies observed that impaired skin barrier function, as determined by 94 

higher levels of transepidermal water loss21, precede overt clinical signs and symptoms of AD22. 95 

A small number of studies also observed that abnormal early-life lipid profiles precede the 96 

development of AD23-25. Together, genetic, mechanical (e.g. scratching), chemical, allergen, or 97 

irritant epidermal barrier disruption may trigger keratinocytes in the deeper layer of the skin to 98 

release IL-33, IL-25, and TSLP, among other signals, leading to subsequent inflammation and 99 

sensitization to allergens26-28. 100 

 101 

Immune dysregulation and microbial interactions  102 

Characterized by increased TH2 responses and over-expression of type 2 inflammatory cytokines 103 

(e.g. IL-4, IL-13), an alternative hypothesis proposes AD to be an immune dysregulation 104 

disorder27. For example, early life changes in skin cytokines such as IL-13 are associated with 105 

developing AD24, 29. Further, inborn errors of immunity, although rare, illustrate that single gene 106 

defects affecting either innate or adaptive immunity can promote eczema30, 31. Most individuals 107 

that develop AD, however, will not have inborn errors of immunity.  108 

 109 

One hypothesis suggests that altered early life microbial exposure may cause dysregulated 110 

immune responses32. Originally observed as an inverse association between the number of older 111 

siblings and risk of developing allergic rhinitis at age 11 or eczema in the first year of life among 112 
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17414 infants born in the UK in 1958 and followed for 23 years32, the hygiene hypothesis has 113 

expanded to suggest that microbial interactions with the immune system influence the 114 

developmental origins of disease, including AD and allergy. Consistent with this, the timing and 115 

composition of microbial colonization is critical to T regulatory cell development33 and 116 

homeostatic immune responses34. Further, in patients with AD, normal T regulatory cell 117 

immunosuppressive activities are subverted by exposure to Staphylococcal enterotoxin B 118 

superantigen35. The precise microbes and mechanisms that cause AD, and how to manipulate 119 

them therapeutically36, remain, however, an area of intense investigation. 120 

 121 

Interventions to prevent AD – Clinical Evidence 122 

To address the highest clinical evidence for prevention of AD beyond our work as clinicians, 123 

researchers, guideline developers, and clinical trialists, we searched MEDLINE, EMBASE and 124 

CENTRAL for randomized clinical trials (RCTs) addressing primary prevention of AD using 125 

“eczema” OR “dermatitis” OR “atopic dermatitis” AND “primary prevention” “randomized 126 

control trial” “clinical trial”. We supplemented the search with Epistemonikos and by checking 127 

the reference list of reviews addressing AD prevention8, 37, 38. Table 1 summarizes the available 128 

clinical evidence for interventions to prevent new AD across different study populations of 129 

“high-risk infants” (infants with a family history of allergic disease/AD), and “general 130 

population” (infants from the general population with no specific risk of allergic disease/AD). 131 

 132 
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Skin barrier enhancement  133 

Initial small studies supported emollient use as a means to prevent AD39-42, while more recent 134 

and larger trials, and systematic reviews, mostly among high-risk infants concluded this not to be 135 

effective43-45. This may be related to the effort required by parents for such skin care routines, or 136 

lack of evidence that the interventions used can adequately maintain the infant skin barrier. 137 

Further, the PreventADALL trial that employed a skin intervention strategy as emollients with 138 

frequent bathing (4 to 7 days per week) showed it may increase AD [multiple imputation RR 139 

1.66 (95%CI 1.20 to 2.30)]46. Small trials of emollients, among high-risk infants, that are 140 

specifically formulated to improve the skin barrier, particularly those that include ceramides, and 141 

that commence within the first days of life, have shown more promising results41, 47, 48. Thus, 142 

potential optimizing the skin barrier to prevent AD requires further investigation. Other 143 

strategies that may require less direct parent effort to enhance the infant skin barrier function 144 

include the use of water softeners for bathing in hard water settings, with trials ongoing49.  145 

 146 

Probiotics, prebiotics, symbiotics 147 

Probiotics are live microorganisms, typically ingested, that can confer health benefits. Prebiotics 148 

are indigestible fibers that promote health benefits by nourishing (gastrointestinal) commensal 149 

microorganisms. Synbiotics are a combination of probiotics and prebiotics50.  150 

Probiotics: Over 35 RCTs including more than 6000 participants (pregnant mothers, infants, or 151 

mother-infant pairs) address probiotic supplementation, yet few trustworthy guidelines address 152 

primary prevention of atopic dermatitis using probiotics 51-53. The challenge of interpreting 153 
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individual trials to inform clinical practice are (1) the volume of information, (2) the mixture of 154 

placebo-controlled trials and relatively fewer active-comparator trials, (3) tracking differences 155 

between studies such as whether the mother, infant, or both received the probiotic.  156 

In 2015, the World Allergy Organization (WAO)-McMaster University GLAD-P: Probiotics 157 

guideline, based on systematic review of the available evidence at that time54, concluded that 158 

probiotics prevented AD (typically the last trimester) with single strains (typically Lactobacillus 159 

[paracasei or rhamnosus] or Bifidobacteria [longum, animalis, or lactis]) when administered to 160 

mothers prenatally55. The panel graded the overall GRADE certainty of the evidence for modest 161 

benefits to be moderate (due to serious risk of bias), and for unlikely harms, low or very low (due 162 

to the risk of bias, indirectness and imprecision). The consequent conditional recommendation, 163 

based on overall very low certainty, suggested using probiotics directly for infants at risk of 164 

developing AD in addition to supplementing probiotics to both pregnant women and 165 

breastfeeding mothers of high-risk infants. 166 

Many subsequent systematic reviews failed to address the totality of the evidence54, 56, 57, follow 167 

established credible systematic review standards58-61, or be free from influence by industry (e.g. a 168 

recent meta-analysis published by two authors: an executive of a probiotic company along with 169 

their paid consultant62). While between-trial comparisons suggest consistency in the preventative 170 

effects of probiotics among infants either at high or low risk of developing AD, it remains 171 

uncertain to whom the intervention is optimal to give to (mothers, infants, or both57,), which 172 

precise strain(s) confer the greatest benefit56, 63, and whether the preventative effects of 173 

probiotics are sustained over several years (e.g. first 6 years of life or even later at 13 years of 174 

age)64, 65. Major international efforts are required to provide clarity regarding what could be a 175 

low-cost, easily implementable, and generally safe public health intervention (Table 2). 176 
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Prebiotics: The 2015 WAO-McMaster GLAD-P panel identified no credible systematic reviews, 177 

individual randomized trials or observational studies addressing prebiotic use in pregnancy or 178 

breastfeeding women among the general population. Based on 6 imprecise, indirect population, 179 

and high risk of bias RCTs66 using prebiotic-containing formula among already formula-fed 180 

infants, the authors reported GRADE low certainty (RR 0.68, 95% CI 0.40-1.15) for possible AD 181 

prevention among infants from both high-risk and general population. In line with the concern 182 

about formula creep and inappropriate industry influence overpromoting formula use67, 68, the 183 

GLAD-P panel conditionally recommended for prebiotic formulas among not-exclusively 184 

breastfed infants, and conditionally recommended against them among exclusively breastfed 185 

infants66, 69.  186 

Synbiotic: Compared to the greater number of trials addressing probiotics, direct RCT evidence 187 

addressing the combination of probiotics and prebiotics for preventing AD is uncertain. A 188 

systematic review published in 2016 identified two small (total 1006 participants) and high risk 189 

of bias RCTs conducted among high-risk infants and pregnant women, yielding very uncertain 190 

estimates ranging from large reductions (RR 0.11) to increases (RR 1.83) in AD risk70. A 191 

subsequent small and unblinded 2x2 factorial RCT addressing synbiotics, enhanced skin care, 192 

both, or neither, conducted in the general population (459 infants)71 found no difference between 193 

the synbiotic-treated and control groups (RR 0.98, 95%CI 0.75-1.29). Thus, there remains 194 

uncertainty whether synbiotics provide an important, or little to no, effect. Given the likely 195 

modest effects of probiotics, and the likely overestimate, if any effect, of existing estimates of 196 

prebiotics in preventing AD, future trials addressing probiotics, prebiotics, or synbiotics must be 197 

powered to definitively detect modest effects to provide clarity regarding their relative merits in 198 

preventing AD (Table 2) 199 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

 200 

Vitamin D evidence  201 

The 2016 World Allergy Organization-McMaster University Guidelines concluded that vitamin 202 

D supplementation, whether during pregnancy, breastfeeding, or in early infancy, did not have 203 

clear evidence for preventing AD (very low certainty)72. A more recent systematic review of 4 204 

RCTs addressing maternal vitamin D supplementation during pregnancy (between 800 IU to 205 

4000 IU per day) showed modest effects (OR 0.85, 95% CI 0.67-1.08) in preventing AD among 206 

infants from mixed populations (high-risk and general population). Of the 4 RCTs, 3 207 

intentionally contaminated the control group by supplementing control mothers with smaller 208 

doses (400 IU) of vitamin D73. The one study that did not supplement the control group found a 209 

larger reduction of AD in the first year of life (OR 0.55, 95% CI 0.32-0.97)74, although this 210 

protective effect waned over time (OR 0.76, 95% CI: 0.47-1.23 at 24 months; OR 0.75, 95% CI: 211 

0.37-1.52 at 48 months). In terms of neonatal or infant supplementation, 3 small trials with some 212 

risk of bias conducted among high-risk infants provided very low certainty findings73, 75, 76. Thus, 213 

vitamin D supplementation during pregnancy may prevent AD, but whether neonatal and infant 214 

supplementation prevents AD is uncertain, highlighting the need for further research in this 215 

area72. 216 

 217 

Nutrition and other interventions 218 

Breastfeeding and maternal diet: Multiple studies address breastfeeding’s potential preventative 219 

effect on AD, with systematic reviews of observational studies including both high-risk and 220 
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general populations showing a possible protective effect of exclusive breastfeeding for more than 221 

3 months (pooled OR 0.74; 95% CI: 0.57-0.97), at least on early life AD77. The low certainty 222 

evidence is based on observational data as it is not logistically or ethically feasible to randomize 223 

individual children having breastfed or not.  224 

We found one RCT addressing more versus less breastfeeding and the development of AD 225 

among healthy breastfed infants. PROBIT78, 79, a 15-cluster RCTs in Belarus randomized, 226 

between 1995 to 1996 using simple randomization, maternity hospitals and their paired affiliated 227 

polyclinics to a WHO and UNCIEF-based 10-step breastfeeding promotion intervention (baby-228 

friendly hospital initiative) or standard care for that region at that time and produced about a 10% 229 

absolute difference in any breastfeeding between groups (73% vs 60% at infant age of 3 months; 230 

50% vs 36% at 6 months; 20% vs 11% at 12 months). At 12 months, compared to the control 231 

group, the intervention reduced the incidence of all rashes (cluster- and family atopic history- 232 

adjusted OR 0.54 [95%CI 0.31-0.95]), regardless of being defined as atopic eczema (3.3% vs 233 

6.3%), non-eczematous rash, or non-eczematous and non-infectious rash, but not at 6.5 years 234 

(cluster adjusted OR 1.0 [95% CI 0.5-1.8])80. Only 1% of participants, however, reported having 235 

any ISAAC questionnaire-defined eczema, suggesting a very low risk group of developing AD 236 

may have been studied. The authors also reported that the initial eczema outcome data at 12 237 

months was not audited. Thus, breastfeeding’s long-term effects on AD remain uncertain. These 238 

findings further support the need for long-term follow-up of RCTs addressing AD prevention. 239 

Two studies from the late 1980s involving 523 mothers of high-risk infants showed that avoiding 240 

allergenic foods during breastfeeding may have no important effect on reducing the risk of AD in 241 

children up to 18 months old (RR 1.01, 95% CI: 0.57-1.79)81. 242 
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Hydrolyzed formulas: Systematic reviews and meta-analyses of RCTs addressing partially (12 243 

RCTs) and extensively hydrolyzed formula (7 RCTs) among high-risk infants, showed no clear 244 

reduction in AD compared to human breast milk or cow's milk formula82. 245 

Multi-component breastfeeding and skin intervention: An unblinded RCT among 318 mother-246 

infant pairs in Japan reported that combining routine pediatric care with teleconsultation 247 

(consulting about children’s health and parenting for 10 minutes) and email newsletters 248 

(information about infant skin care with application of daily moisturizer, breastfeeding, and 249 

maternal self-care) up to 4-months of age may prevent AD (RR 0.61, 95% CI 0.52-0.97)83. 250 

Prenatal fatty acid supplementation: RCTs addressing prenatal supplementation with fish oil 251 

derived omega-3 polyunsaturated fatty acids suggest that they may not prevent AD among high-252 

risk infants (RR 1.09 [95%CI 0.82-1.46), but the imprecise estimates, ranging from a 5% 253 

reduction in absolute risk to a 14% increase in absolute risk, did not definitively rule out the 254 

potential for a protective or harmful effect84. An earlier small RCT of prenatal blackcurrant seed 255 

oil (rich in both omega-3 and omega-6 polyunsaturated fatty acids) versus olive oil 256 

supplementation among 319 pregnant women suggested a possible preventative effect at 12 257 

months of age85.  258 

Childhood vaccination: A systematic review86 identified 2 RCTs (total 4383 participants, mixed 259 

population of high-risk infants and general population) comparing newborn Bacillus Calmette-260 

Guerin (BCG) vs placebo or no BCG vaccination. They suggested early life vaccination may 261 

reduce the risk of AD (RR 0.88 [95%CI 0.79-0.98]) during infancy. 262 

Timing of food introduction: Evidence from systematic reviews of 20 studies (mostly cohort 263 

studies) indicates that timing for introduction of complementary feeding may not impact the risk 264 

of developing atopic disease including AD87.  Two trials addressing early introduction of egg 265 
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(from 4-10 months (RR 0.87; 95% CI: 0.68-1.12)88, 89 and 14 trials addressing early introduction 266 

of cow’s milk  (<4 years old: RR 1.14 (0.87-1.49); 5-14 years old: RR 1.05 (0.9-1.23)89 with 267 

mixed study populations (high-risk and general population) showed no clear reduction in AD88.  268 

Dust mite allergen avoidance and immunotherapy: A systematic review and meta-analysis of 7 269 

RCTs (3040 participants) addressing house dust mite (HDM) allergen avoidance strategies 270 

suggested they might not prevent AD in high-risk infants [RR 1.09 (95% CI 0.78-1.49)]. While 271 

the lack of a clear preventative effect might be explained by either insufficient reduction of dust 272 

mite or a lack of a critical causative role for HDM driving incident AD, confidence in drawing 273 

strong inferences regarding no effect are limited by risk of bias and imprecision90. An additional 274 

RCT in early 1990s comparing reducing HDM exposure using acaricides along with maternal 275 

and infant avoidance of common food allergens, versus not, among high-risk infants yielded 276 

similar findings91. 277 

While sublingual and subcutaneous dust mite immunotherapy are effective treatments for AD92, 278 

a trial of 111 high-risk infants aged 5-9 months without HDM sensitization randomized to oral 279 

HDM or placebo provided uncertainty in AD prevention (17 events per group at 12 months, RR 280 

0.96 [95%CI 0.55-1.67])93 and also no difference in AD incidence between the two groups at age 281 

three94. 282 

Albendazole treatment: Albendazole, a microtubule inhibitor best known for its clinical use in 283 

treating helminth and protozoal infections, promoted the development of AD in the first 5 years 284 

of life  [HR 1.58 (95% CI 1.15–2.17)] in a 2515-participant RCT in Uganda (70% hookworm or 285 

Schistosoma mansoni infection at baseline) comparing maternal treatment during pregnancy with 286 

albendazole and prazinquantel versus to placebo95. Suggesting a drug-specific, rather than 287 

antihelminth effect, the increased incidence of AD occured regardless of whether mothers were 288 
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infected with hookworms or not. Further, prazinquantel, a Schisitome-specific voltage-gated 289 

calcium channel inhibitor, did not appreciably increase AD [HR 1.15 (95% CI 0.83-1.58)]95. In 290 

contrast, several small trials comparing albendazole treatment to placebo among older children 291 

or adults at general population risk for AD suggested no difference in the incidence of AD96, 97. 292 

Together, these data suggest that perinatal antimicrobial exposure, potentially by disrupting 293 

potentially important commensal protozoal microbes98, may increase the development of AD. 294 

Though not completely consistent with the available data, an alternative hypothesis suggests that 295 

hookworm immunomodulatory effects that promote worm survival are disrupted by helminth 296 

elimination and therefore promote AD 99, 100 . Further mechanistic and clinical research is 297 

required to verify and better understand the applicability of this body of evidence. 298 

Antibiotic treatment: Recent systematic review of 5 observational studies suggests antibiotic 299 

exposure during pregnancy or delivery, compared to no antibiotic exposure, may increase the 300 

risk of developing AD among children (OR 1.28; 95% CI: 1.06–1.53)101 consistent with the 301 

increased risk of AD from previous meta-analyses101, 102. The effect of antimicrobial stewardship 302 

interventions, to optimize appropriate antimicrobial use in pregnancy, on AD outcomes remain 303 

untested. 304 

  305 

What can patients and clinicians do today?  306 

Although many possible interventions, and potential risk factors (not reviewed here), have been 307 

studied, what can clinicians and patients do now? The science of translating evidence to 308 

recommendations for individual patients and populations now follows defined standards1, 51, 52, 309 

103. Optimally addressing prevention of allergy requires considering the balance of benefits, 310 
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harms, values and preferences, certainty of evidence, and contextual factors (e.g. acceptability, 311 

feasibility, resource implications such as cost and time, equity, and practical considerations).  312 

Of the interventions summarized in Table 1, probiotic and vitamin D supplementation among 313 

pregnant mothers and/or infants, and avoiding unnecessary antibiotic exposure, may modestly 314 

reduce the risk of childhood AD. The uncertain effects combined with concerns about feasibility, 315 

burdens (practical and financial), however, might leave the decision to use supplements 316 

preference sensitive. Newborn BCG vaccination’s uncertain small preventative effects for AD 317 

have additional uncertain applicability, accessibility, and acceptability among non-tuberculosis 318 

endemic areas. Patients concerned about the development of AD should also be reassured that 319 

should it occur, there are now robust AD treatment guidelines addressing multiple safe and 320 

effective therapies1, 6, 7 that align with patient values and preferences104  321 

 322 

Future Directions - How could an effective AD 323 

prevention strategy be implemented: a population health 324 

perspective  325 

When effective AD prevention strategies are definitively identified, it will be important to 326 

consider how they could be implemented, and their effectiveness measured at the population 327 

level. Lessons from the recent implementation of food allergy prevention guidelines provide 328 

insights. Following RCTs, systematic reviews, and meta-analyses showing a reduction in peanut 329 

and egg allergy with earlier introduction of these allergens into the infant diet89, guidelines 330 
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around the world began to recommend early allergen introduction as a food allergy prevention 331 

strategy105. Australian studies subsequently showed a significant shift towards earlier introduction 332 

of egg and peanut106 and that population-level changes in behavior are achievable. However, 333 

despite clear evidence of efficacy in clinical trials, there was surprisingly little reduction in the 334 

population prevalence of peanut allergy107. Reasons for this are still under investigation, but these 335 

findings highlight potential difficulties in translating findings from clinical trials to the general 336 

population, as well as the importance of monitoring effectiveness of intervention strategies at the 337 

population level.  338 

  339 

An important factor to consider is whether allergy prevention strategies and guidelines should 340 

target only high-risk populations, such as infants with first-degree relatives with AD or other 341 

allergic diseases, or the whole population. The advantage of targeting high-risk populations is 342 

that it reduces the trial sample size required to detect a difference between groups (Table 2) and 343 

may also recruit families motivated to adhere with the intervention, particularly if the 344 

intervention requires significant effort. However, if the selected population is too narrow, the 345 

intervention may have limited overall population impact37, 108 (Table 2). Interventions may offer 346 

larger benefits to the community if applied to the whole population. Compliance, however, 347 

among families who perceive that their child is not at risk of developing AD may be low 348 

depending on the intensity and acceptability of the intervention. The absence of trial data in lower 349 

risk populations also means that the benefits for these populations are often unclear.  350 

  351 

Currently the strongest predictors of AD risk are based on genome-wide association studies109, 352 

which are not available outside research settings. In the absence of AD risk prediction tools, 353 
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studies typically base their inclusion criteria simply on family history of allergic disease. Valid, 354 

accurate and accessible risk prediction tools would help families make informed decisions about 355 

their child’s AD risk, and identify those who may benefit most from preventive interventions.  356 

 357 

Finally, it is important to consider the optimal way to measure atopic dermatitis in clinical trials 358 

and population-based studies. Measurement of AD outcomes can be difficult because of the 359 

multiple definitions of AD110 and measures of AD severity111, 112. Ideally, interventions should 360 

prevent the most severe and persistent forms of AD, while the benefits of preventing mild or self-361 

limiting disease are less clear. It is also important that studies measure outcome effects after 362 

completion of the intervention to clearly distinguish between true prevention of disease versus 363 

delay in detection of AD (treatment of existing AD rather than preventing it). We have provided 364 

several examples of potential early preventative effects that were lost after follow-up. Other 365 

reviews in this theme issue address prevention of other allergic diseases.  366 

 367 

Conclusion 368 

In summary, AD emerges as a substantial global health concern with multifaceted origins, 369 

impacting millions and necessitating clarity regarding preventive measures. This review 370 

addressed diverse interventions, ranging from early skin interventions, probiotics and prebiotics 371 

to nutritional strategies and childhood vaccinations like BCG. Noteworthy findings highlight the 372 

complexity of factors influencing AD development, including skin barrier dysfunction, immune 373 

dysregulation, the microbiome, and the intricate relationship with the atopic march concept. 374 

They also highlight key methodologic limitations, especially a multitude of underpowered trials, 375 
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comprising the existing evidence base. This review could serve as a resource for patients, 376 

clinicians, and researchers, to understand and refine preventive approaches for AD.   377 
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Figure 1: Onset of eczema over the age in years 378 

Longitudinal trajectories of eczema subclasses from birth to 12 years of age identified in the 379 

secondary analysis of an Australian randomized trial of infants113 as a birth cohort study114 (620 380 

participants). From (Lopez DJ, Lodge CJ, Bui DS, et al. Establishing subclasses of childhood 381 

eczema, their risk factors and prognosis. Clin Exp Allergy. 2022; 52: 1079–1090. 382 

doi:10.1111/cea.14139).   383 
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Table 1. Summary of findings for intervention to prevent developing AD in early life 384 
Intervention Effect size, RR (95% 

CI)  
No. of 

participants 
(studies) 

Population 

studied 

Follow-up 

age 

Certainty (quality) of 

Evidence (GRADE) as 

reported by authors 
Skin intervention (emollients/moisturizer) among infants 
Emollient or 

moisturizer45 
1.03 (0.81-1.31) 3075 (7 RCTs) High-risk 

infants 

6-36 mo Moderate 

(inconsistency) 
Probiotics, prebiotics, or synbiotics (combination probiotics with prebiotics) 

Probiotics in mothers 

only 57 

0.69 (0.38-1.26) 2159 (7 RCTs)  Mixed 

population 

1-6 yr GRADE assessment not 

done by study authors 

Probiotics in infants 

only57 

0.85 (0.62-1.17) 1884 (11 RCTs)  Mixed 

population 

1 mo-9 yr GRADE assessment not 

done by study authors 

Probiotics in infants and 

mothers57 

0.65 (0.49-0.86) 4,739(12 RCTs)  Mixed 

population 

18 mo-11 yr GRADE assessment not 

done by study authors 

Prebiotics in infants66 0.68 (0.40-1.15) 2030 (6 RCTs) Mixed 

population 

3-24 mo Low (bias and 

inconsistency) 
Synbiotics in infants70 0.44 (0.11-1.83) 1320 (2 RCTs) High-risk 

infants 

6 mo GRADE assessment not 

done by study authors 
Vitamin D supplementation 
For pregnant women73  0.85 (0.67-1.08) 2074 (4 RCTs)  Mixed 

population 

6-36 mo Moderate (imprecision) 

For infants 75 0.84 (0.64-1.11) 942 (2 RCTs)  Mixed 

population 

12-30 mo GRADE assessment not 

done by study authors 

Hydrolyzed formula among infants 

Partially hydrolyzed 

formula82 

OR 0.84 (0.67 to 1.07) 5372 (12 RCTs) High-risk 

infants 

0-14 yo Moderate (risk of bias) 
  

Extensively hydrolyzed 

formula82  

Casein eHF OR 

0.55(0.28-1.09) 

whey eHF OR 1.12 

(0.88-1.42) 

3374 (7 RCTs) High-risk 

infants 

0-14 yo Very low (risk of bias, 

inconsistency, 

imprecision) 

Allergenic food introduction among infants 

Egg introduction88 at 4-

10 months 

 0.87 (0.68-1.12)  1368 (2 RCTs)  Mixed 

population 

12 mo GRADE assessment not 

done by study authors 

Cow’s milk 

introduction89 

<4 yo: 1.14 (0.87-1.49); 

5-14 yo: 1.05 (0.9-1.23) 

6,798 (12 RCTs, 1 

qRCT, 4 CCT) 

 Mixed 

population 

5 years Low (imprecision and 

indirectness) 

Maternal diet 
Prenatal Omega-3 

polyunsaturated Fatty 

Acid supplementation84 

or Prenatal blackcurrant 

seed oil (BCSO) 

supplementation 85 

RR 1.09 (0.82 -1.46) 

 

 

RR 0.70 (0.51-0.96) 

1926 (6 RCTs) 

 

 

313 (1 RCT)-

BSCO 

High-risk 

 

 

Mixed 

population  

6 mo to 6yr GRADE assessment not 

done by study authors 

Dust mite avoidance among infants 
HDM allergen 

avoidance90  
RR 1.08 (0.78–1.49) 3040 (7 RCTs) High-risk 

infants 

1 to 8 yr GRADE assessment not 

done by study authors 

Vaccination among infants 
Bacillus Calmette-

Guerin (BCG)86  
RR 0.88 (0.79-0.98) 4383 (2 RCTs)  Mixed 

population 

13 to 18mo GRADE assessment not 

done by study authors 

Prenatal antimicrobials 

Prenatal albendazole or 

praziquantel95 
Albendazole: HR 1.58 

(1.15-2.17) 

Praziquantel: HR 1.15 

(0.83-1.58) 

2507 (1 RCT) General 

population 

5 yr GRADE assessment not 

done by study authors 

  

Prenatal antibiotic115 RR 1.28 (1.06–1.53) 2098 (5 NRS) General 

population 

6 mo to 4 

yrs 

Low (inconsistency, 

publication bias) 

“Mixed population” indicated population from both high-risk of allergy and general population. 385 
Abbreviation: AD: atopic dermatitis; CI: confidence interval; OR: odds ratio, RCT: randomized clinical trial; RR: Risk 386 
Ratio; HR: Hazard Ratio;; NRS, non-randomized studies 387 
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 388 

 389 

Alpha Power N total 

N per 

group 

Study 

population 

control 

group risk 

Intervention 

group 

risk 

Risk 

ratio 

Risk 

difference 

NNT to 

prevent 

1 case of 

AD 

0.05 80% 734 367 

h
ig

h
 

30% 

21% 0.70 -9% 12 
0.05 95% 1,214 607 

0.05 80% 1,080 540 
22.5% 0.75 -7.5% 14 

0.05 95% 1,784 892 

0.05 80% 1,718 859 
24% 0.80 -6% 17 

0.05 95% 2,840 1,420 

0.05 80% 3,108 1,554 
25.5% 0.85 -4.5% 23 

0.05 95% 5,142 2,571 

0.05 80% 7,108 3,554 
27% 0.90 -3% 34 

0.05 95% 11,764 5,882 

0.05 80% 1,230 615 

m
ed

iu
m

 

20% 

14% 0.70 -6% 17 
0.05 95% 2,032 1,016 

0.05 80% 1,812 906 
15% 0.75 -5% 

20 

 0.05 95% 2,996 1,498 

0.05 80% 2,894 1,447 
16% 0.80 -4% 25 

0.05 95% 4,790 2,395 

0.05 80% 5,258 2,629 
17% 0.85 -3% 34 

0.05 95% 8,702 4,351 

0.05 80% 12,078 6,039 
18% 0.90 -2% 50 

0.05 95% 19,994 9,997 

0.05 80% 2,712 1,356 

lo
w

 o
r 

"g
en

er
al

 p
o
p
u
la

ti
o
n
" 

10% 

7% 0.70 -3% 34 
0.05 95% 4,486 2,243 

0.05 80% 4,010 2,005 
7.5% 0.75 -2.5% 40 

0.05 95% 6,636 3,318 

0.05 80% 6,426 3,213 
8% 0.80 -2% 50 

0.05 95% 10,638 5,319 

0.05 80% 11,712 5,856 
8.5% 0.85 -1.5% 67 

0.05 95% 19,388 9,694 

0.05 80% 26,990 13,495 
9% 0.90 -1% 100 

0.05 95% 44,684 22,342 

Table 2. Example sample size calculations ordered from top to bottom from most optimistic to 390 

pessimistic for a hypothetical future prevention trial addressing atopic dermatitis, assuming 391 

various scenarios for the desired power of the trial to detect a difference, if one exists, the risk of 392 

the population studied to develop AD, and the assumed size of the effect. Other assumptions: 1:1 393 

allocation ratio, no loss to follow-up, contamination, or non-compliance. For comparison, the 394 

available probiotic randomized trials, like many existing RCTs addressing various interventions 395 

for AD, range from a total sample size of 81 to 60656. Much larger RCTs are required to deliver 396 

definitive evidence for whether interventions are effective, or not, for preventing AD. NNT, 397 

number needed to treat.  398 

 399 

 400 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

References 401 

1. Chu DK, Schneider L, Asiniwasis RN, Boguniewicz M, De Benedetto A, Ellison K, et al. 402 

Atopic dermatitis (eczema) guidelines: 2023 American Academy of Allergy, Asthma and 403 

Immunology/American College of Allergy, Asthma and Immunology Joint Task Force 404 

on Practice Parameters GRADE–and Institute of Medicine–based recommendations. 405 

Annals of Allergy, Asthma & Immunology 2023. 406 

2. Adamson AS. The Economics Burden of Atopic Dermatitis. In: Fortson EA, Feldman 407 

SR, Strowd LC, editors. Management of Atopic Dermatitis: Methods and Challenges. 408 

Cham: Springer International Publishing; 2017. p. 79-92. 409 

3. de Lusignan S, Alexander H, Broderick C, Dennis J, McGovern A, Feeney C, Flohr C. 410 

The epidemiology of eczema in children and adults in England: A population-based study 411 

using primary care data. Clinical & Experimental Allergy 2021; 51:471-82. 412 

4. Katsarou A, Armenaka M. Atopic dermatitis in older patients: particular points. Journal 413 

of the European Academy of Dermatology and Venereology 2011; 25:12-8. 414 

5. Williams H, Robertson C, Stewart A, Aït-Khaled N, Anabwani G, Anderson R, et al. 415 

Worldwide variations in the prevalence of symptoms of atopic eczema in the 416 

International Study of Asthma and Allergies in Childhood. The Journal of Allergy and 417 

Clinical Immunology 1999; 103:125-38. 418 

6. Chu AWL, Wong MM, Rayner DG, Guyatt GH, Díaz Martinez JP, Ceccacci R, et al. 419 

Systemic treatments for atopic dermatitis (eczema): Systematic review and network meta-420 

analysis of randomized trials. Journal of Allergy and Clinical Immunology 2023; 421 

152:1470-92. 422 

7. Chu DK, Chu AWL, Rayner DG, Guyatt GH, Yepes-Nuñez JJ, Gomez-Escobar L, et al. 423 

Topical treatments for atopic dermatitis (eczema): systematic review and network meta-424 

analysis of randomized trials. J Allergy Clin Immunol 2023. 425 

8. Tham EH, Leung ASY, Yamamoto-Hanada K, Dahdah L, Trikamjee T, Warad VV, et al. 426 

A systematic review of quality and consistency of clinical practice guidelines on the 427 

primary prevention of food allergy and atopic dermatitis. World Allergy Organ J 2023; 428 

16:100770. 429 

9. Barnetson RSC, Rogers M. Childhood atopic eczema. BMJ 2002; 324:1376-9. 430 

10. Spergel JM. From atopic dermatitis to asthma: the atopic march. Annals of Allergy, 431 

Asthma & Immunology 2010; 105:99-106. 432 

11. Bantz SK, Zhu Z, Zheng T. The Atopic March: Progression from Atopic Dermatitis to 433 

Allergic Rhinitis and Asthma. Journal of clinical & cellular immunology 2014; 5:202. 434 

12. Maiello N, Comberiati P, Giannetti A, Ricci G, Carello R, Galli E. New Directions in 435 

Understanding Atopic March Starting from Atopic Dermatitis. Children 2022; 9:450. 436 

13. Tsuge M, Ikeda M, Matsumoto N, Yorifuji T, Tsukahara H. Current Insights into Atopic 437 

March. Children 2021; 8:1067. 438 

14. Yang L, Fu J, Zhou Y. Research Progress in Atopic March. Frontiers in Immunology 439 

2020; 11. 440 

15. Paller AS, Spergel JM, Mina-Osorio P, Irvine AD. The atopic march and atopic 441 

multimorbidity: many trajectories, many pathways. Journal of Allergy and Clinical 442 

Immunology 2019; 143:46-55. 443 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

16. Egawa G, Kabashima K. Barrier dysfunction in the skin allergy. Allergology 444 

International 2018; 67:3-11. 445 

17. Elias PM. Stratum corneum defensive functions: an integrated view. The Journal of 446 

Investigative Dermatology 2005; 125:183-200. 447 

18. van Smeden J, Bouwstra JA. Stratum Corneum Lipids: Their Role for the Skin Barrier 448 

Function in Healthy Subjects and Atopic Dermatitis Patients. Current Problems in 449 

Dermatology 2016; 49:8-26. 450 

19. Palmer CNA, Irvine AD, Terron-Kwiatkowski A, Zhao Y, Liao H, Lee SP, et al. 451 

Common loss-of-function variants of the epidermal barrier protein filaggrin are a major 452 

predisposing factor for atopic dermatitis. Nature Genetics 2006; 38:441-6. 453 

20. Drislane C, Irvine AD. The role of filaggrin in atopic dermatitis and allergic disease. 454 

Annals of Allergy, Asthma & Immunology: Official Publication of the American College 455 

of Allergy, Asthma, & Immunology 2020; 124:36-43. 456 

21. Sotoodian B, Maibach HI. Noninvasive test methods for epidermal barrier function. 457 

Clinics in Dermatology 2012; 30:301-10. 458 

22. Rehbinder EM, Winger AJ, Landrø L, Asarnoj A, Berents TL, Carlsen KH, et al. Dry 459 

skin and skin barrier in early infancy. The British Journal of Dermatology 2019; 181:218-460 

9. 461 

23. Rinnov MR, Halling A-S, Gerner T, Ravn NH, Knudgaard MH, Trautner S, et al. Skin 462 

biomarkers predict development of atopic dermatitis in infancy. Allergy 2023; 78:791-463 

802. 464 

24. Berdyshev E, Kim J, Kim BE, Goleva E, Lyubchenko T, Bronova I, et al. Stratum 465 

corneum lipid and cytokine biomarkers at age 2 months predict the future onset of atopic 466 

dermatitis. The Journal of Allergy and Clinical Immunology 2023; 151:1307-16. 467 

25. Zhang Y, Gu H, Ye Y, Li Y, Gao X, Ken K, et al. Trajectory of stratum corneum lipid 468 

subclasses in the first year of life and associations with atopic dermatitis: A prospective 469 

cohort study. Pediatric Allergy and Immunology: Official Publication of the European 470 

Society of Pediatric Allergy and Immunology 2023; 34:e14045. 471 

26. Stefanovic N, Irvine AD. Filaggrin and beyond: New insights into the skin barrier in 472 

atopic dermatitis and allergic diseases, from genetics to therapeutic perspectives. Annals 473 

of Allergy, Asthma & Immunology: Official Publication of the American College of 474 

Allergy, Asthma, & Immunology 2023:S1081-206(23)01265-6. 475 

27. Kim J, Kim BE, Leung DYM. Pathophysiology of atopic dermatitis: Clinical 476 

implications. Allergy and Asthma Proceedings 2019; 40:84-92. 477 

28. Chu DK, Llop-Guevara A, Walker TD, Flader K, Goncharova S, Boudreau JE, et al. IL-478 

33, but not thymic stromal lymphopoietin or IL-25, is central to mite and peanut allergic 479 

sensitization. J Allergy Clin Immunol 2013; 131:187-200 e1-8. 480 

29. Goleva E. Predicting the future: Early-life biomarkers of atopic dermatitis. J Allergy Clin 481 

Immunol 2023; 151:1479-80. 482 

30. Rigoni R, Fontana E, Dobbs K, Marrella V, Taverniti V, Maina V, et al. Cutaneous 483 

barrier leakage and gut inflammation drive skin disease in Omenn syndrome. Journal of 484 

Allergy and Clinical Immunology 2020; 146:1165-79. e11. 485 

31. Stadler P-C, Renner ED, Milner J, Wollenberg A. Inborn error of immunity or atopic 486 

dermatitis: when to be concerned and how to investigate. The Journal of Allergy and 487 

Clinical Immunology: In Practice 2021; 9:1501-7. 488 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

32. Strachan DP. Hay fever, hygiene, and household size. BMJ (Clinical research ed.) 1989; 489 

299:1259-60. 490 

33. Scharschmidt TC, Vasquez KS, Truong H-A, Gearty SV, Pauli ML, Nosbaum A, et al. A 491 

Wave of Regulatory T Cells into Neonatal Skin Mediates Tolerance to Commensal 492 

Microbes. Immunity 2015; 43:1011-21. 493 

34. Jimenez-Saiz R, Anipindi VC, Galipeau H, Ellenbogen Y, Chaudhary R, Koenig JF, et al. 494 

Microbial Regulation of Enteric Eosinophils and Its Impact on Tissue Remodeling and 495 

Th2 Immunity. Front Immunol 2020; 11:155. 496 

35. Ou L-S, Goleva E, Hall C, Leung DY. T regulatory cells in atopic dermatitis and 497 

subversion of their activity by superantigens. Journal of Allergy and Clinical 498 

Immunology 2004; 113:756-63. 499 

36. Ong PY, Boguniewicz J, Chu DK. Skin antiseptics for atopic dermatitis: dissecting facts 500 

from fiction. The Journal of Allergy and Clinical Immunology: In Practice 2023; 501 

11:1385-90. 502 

37. Williams HC, Chalmers JC. Prevention of Atopic Dermatitis. Acta Dermato-503 

Venereologica 2020; 100:5771. 504 

38. Bawany F, Beck LA, Järvinen KM. Halting the March: Primary Prevention of Atopic 505 

Dermatitis and Food Allergies. The Journal of Allergy and Clinical Immunology: In 506 

Practice 2020; 8:860-75. 507 

39. Horimukai K, Morita K, Narita M, Kondo M, Kitazawa H, Nozaki M, et al. Application 508 

of moisturizer to neonates prevents development of atopic dermatitis. Journal of Allergy 509 

and Clinical Immunology 2014; 134:824-30.e6. 510 

40. Simpson EL, Chalmers JR, Hanifin JM, Thomas KS, Cork MJ, McLean WHI, et al. 511 

Emollient enhancement of the skin barrier from birth offers effective atopic dermatitis 512 

prevention. Journal of Allergy and Clinical Immunology 2014; 134:818-23. 513 

41. Lowe AJ, Su JC, Allen KJ, Abramson MJ, Cranswick N, Robertson CF, et al. A 514 

randomized trial of a barrier lipid replacement strategy for the prevention of atopic 515 

dermatitis and allergic sensitization: the PEBBLES pilot study. British Journal of 516 

Dermatology 2018; 178:e19-e21. 517 

42. Thitthiwong P, Koopitakkajorn T. The good skin care practices and emollient use since 518 

early infancy as the primary prevention of infantile atopic dermatitis among infants at 519 

risk: a randomized controlled trial. Siriraj Medical Journal 2020; 72:41-6. 520 

43. Chalmers JR, Haines RH, Bradshaw LE, Montgomery AA, Thomas KS, Brown SJ, et al. 521 

Daily emollient during infancy for prevention of eczema: the BEEP randomised 522 

controlled trial. Lancet (London, England) 2020; 395:962-72. 523 

44. Skjerven HO, Rehbinder EM, Vettukattil R, LeBlanc M, Granum B, Haugen G, et al. 524 

Skin emollient and early complementary feeding to prevent infant atopic dermatitis 525 

(PreventADALL): a factorial, multicentre, cluster-randomised trial. Lancet (London, 526 

England) 2020; 395:951-61. 527 

45. Kelleher MM, Phillips R, Brown SJ, Cro S, Cornelius V, Carlsen KCL, et al. Skin care 528 

interventions in infants for preventing eczema and food allergy. The Cochrane Database 529 

of Systematic Reviews 2022; 2022:CD013534. 530 

46. Skjerven HO, Lie A, Vettukattil R, Rehbinder EM, LeBlanc M, Asarnoj A, et al. Early 531 

food intervention and skin emollients to prevent food allergy in young children 532 

(PreventADALL): a factorial, multicentre, cluster-randomised trial. The Lancet 2022; 533 

399:2398-411. 534 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

47. Ni Chaoimh C, Lad D, Nico C, Puppels GJ, Wong X, Common JE, et al. Early initiation 535 

of short-term emollient use for the prevention of atopic dermatitis in high-risk infants-536 

The STOP-AD randomised controlled trial. Allergy 2023; 78:984-94. 537 

48. Lowe A, Su J, Tang M, Lodge CJ, Matheson M, Allen KJ, et al. PEBBLES study 538 

protocol: a randomised controlled trial to prevent atopic dermatitis, food allergy and 539 

sensitisation in infants with a family history of allergic disease using a skin barrier 540 

improvement strategy. BMJ Open 2019; 9:e024594. 541 

49. Jabbar-Lopez ZK, Ezzamouri B, Briley A, Greenblatt D, Gurung N, Chalmers JR, et al. 542 

Randomized controlled pilot trial with ion-exchange water softeners to prevent eczema 543 

(SOFTER trial). Clinical & Experimental Allergy 2022; 52:405-15. 544 

50. Palai S, Derecho CMP, Kesh SS, Egbuna C, Onyeike PC. Prebiotics, probiotics, 545 

synbiotics and its importance in the management of diseases. Functional Foods and 546 

Nutraceuticals: Bioactive Components, Formulations and Innovations 2020:173-96. 547 

51. Agarwal A, Chen L, Capozza K, Roberts A, Golden DBK, Shaker MS, et al. Trustworthy 548 

Patient-Centered Guidelines: Insights From Atopic Dermatitis and a Proposal for the 549 

Future. J Allergy Clin Immunol Pract 2022; 10:2875-7. 550 

52. Chu DK, Golden DB, Guyatt GH. Translating evidence to optimize patient care using 551 

GRADE. The Journal of Allergy and Clinical Immunology: In Practice 2021; 9:4221-30. 552 

53. Fiocchi A, Pawankar R, Cuello-Garcia C, Ahn K, Al-Hammadi S, Agarwal A, et al. 553 

World Allergy Organization-McMaster University Guidelines for Allergic Disease 554 

Prevention (GLAD-P): Probiotics. World Allergy Organization Journal 2015; 8. 555 

54. Cuello-Garcia CA, Brożek JL, Fiocchi A, Pawankar R, Yepes-Nuñez JJ, Terracciano L, 556 

et al. Probiotics for the prevention of allergy: a systematic review and meta-analysis of 557 

randomized controlled trials. Journal of Allergy and Clinical immunology 2015; 136:952-558 

61. 559 

55. Boyle RJ, Ismail IH, Kivivuori S, Licciardi PV, Robins‐Browne RM, Mah LJ, et al. 560 

<i>Lactobacillus</i> GG treatment during pregnancy for the prevention of eczema: a 561 

randomized controlled trial. Allergy 2011; 66:509-16. 562 

56. Tan-Lim CSC, Esteban-Ipac NAR, Recto MST, Castor MAR, Casis-Hao RJ, Nano ALM. 563 

Comparative effectiveness of probiotic strains on the prevention of pediatric atopic 564 

dermatitis: A systematic review and network meta-analysis. Pediatr Allergy Immunol 565 

2021; 32:1255-70. 566 

57. Wang F, Wu F, Chen H, Tang B. The effect of probiotics in the prevention of atopic 567 

dermatitis in children: a systematic review and meta-analysis. Transl Pediatr 2023; 568 

12:731-48. 569 

58. Chu DK, Brignardello-Petersen R, Guyatt GH, Ricci C, Genuneit J. Method's corner: 570 

Allergist's guide to network meta-analysis. Pediatr Allergy Immunol 2022; 33:e13609. 571 

59. Ioannidis JP. The Mass Production of Redundant, Misleading, and Conflicted Systematic 572 

Reviews and Meta-analyses. Milbank Q 2016; 94:485-514. 573 

60. Smires S, Afach S, Mazaud C, Phan C, Garcia Doval I, Boyle R, et al. Quality and 574 

Reporting Completeness of Systematic Reviews and Meta-Analyses in Dermatology. J 575 

Invest Dermatol 2021; 141:64-71. 576 

61. Williams HC. Are Dermatology Systematic Reviews Spinning Out of Control? 577 

Dermatology 2021; 237:493-5. 578 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

62. Voigt J, Lele M. Lactobacillus rhamnosus Used in the Perinatal Period for the Prevention 579 

of Atopic Dermatitis in Infants: A Systematic Review and Meta-Analysis of Randomized 580 

Trials. Am J Clin Dermatol 2022; 23:801-11. 581 

63. Niers L, Martín R, Rijkers G, Sengers F, Timmerman H, Van Uden N, et al. The effects 582 

of selected probiotic strains on the development of eczema (the PandA study). Allergy 583 

2009; 64:1349-58. 584 

64. Simpson MR, Dotterud CK, Storro O, Johnsen R, Oien T. Perinatal probiotic 585 

supplementation in the prevention of allergy related disease: 6 year follow up of a 586 

randomised controlled trial. BMC Dermatol 2015; 15:13. 587 

65. Kallio S, Kukkonen AK, Savilahti E, Kuitunen M. Perinatal probiotic intervention 588 

prevented allergic disease in a Caesarean‐delivered subgroup at 13‐year follow‐up. 589 

Clinical & Experimental Allergy 2019; 49:506-15. 590 

66. Cuello‐Garcia C, Fiocchi A, Pawankar R, Yepes‐Nuñez J, Morgano G, Zhang Y, et al. 591 

Prebiotics for the prevention of allergies: A systematic review and meta‐analysis of 592 

randomized controlled trials. Clinical & Experimental Allergy 2017; 47:1468-77. 593 

67. Helfer B, Leonardi-Bee J, Mundell A, Parr C, Ierodiakonou D, Garcia-Larsen V, et al. 594 

Conduct and reporting of formula milk trials: systematic review. BMJ 2021; 375:n2202. 595 

68. Newman M. Formula milk companies push allergy products despite flawed evidence. 596 

BMJ 2022; 376:o630. 597 

69. Fiocchi A, Cabana MD, Mennini M. Current Use of Probiotics and Prebiotics in Allergy. 598 

J Allergy Clin Immunol Pract 2022; 10:2219-42. 599 

70. Chang YS, Trivedi MK, Jha A, Lin YF, Dimaano L, Garcia-Romero MT. Synbiotics for 600 

Prevention and Treatment of Atopic Dermatitis: A Meta-analysis of Randomized Clinical 601 

Trials. JAMA Pediatr 2016; 170:236-42. 602 

71. Dissanayake E, Tani Y, Nagai K, Sahara M, Mitsuishi C, Togawa Y, et al. Skin Care and 603 

Synbiotics for Prevention of Atopic Dermatitis or Food Allergy in Newborn Infants: A 2 604 

× 2 Factorial, Randomized, Non-Treatment Controlled Trial. International Archives of 605 

Allergy and Immunology 2019; 180:202-11. 606 

72. Yepes-Nuñez JJ, Fiocchi A, Pawankar R, Cuello-Garcia CA, Zhang Y, Morgano GP, et 607 

al. World Allergy Organization-McMaster University Guidelines for Allergic Disease 608 

Prevention (GLAD-P): Vitamin D. World Allergy Organization Journal 2016; 9. 609 

73. Zeng R, Li Y, Shen S, Qiu X, Chang C-L, Koplin JJ, et al. Is antenatal or early-life 610 

vitamin D associated with eczema or food allergy in childhood? A systematic review. 611 

Clinical & Experimental Allergy 2023; 53:511-25. 612 

74. El-Heis S, D'Angelo S, Curtis EM, Healy E, Moon RJ, Crozier SR, et al. Maternal 613 

antenatal vitamin D supplementation and offspring risk of atopic eczema in the first 614 

4 years of life: evidence from a randomized controlled trial. The British Journal of 615 

Dermatology 2022; 187:659-66. 616 

75. Luo C, Sun Y, Zeng Z, Liu Y, Peng S. Vitamin D supplementation in pregnant women or 617 

infants for preventing allergic diseases: a systematic review and meta-analysis of 618 

randomized controlled trials. Chinese Medical Journal 2022; 135:276. 619 

76. Rueter K, Jones AP, Siafarikas A, Lim E-M, Bear N, Noakes PS, et al. Direct infant UV 620 

light exposure is associated with eczema and immune development. Journal of Allergy 621 

and Clinical Immunology 2019; 143:1012-20. e2. 622 

77. Lodge CJ, Tan DJ, Lau MX, Dai X, Tham R, Lowe AJ, et al. Breastfeeding and asthma 623 

and allergies: a systematic review and meta-analysis. Acta Paediatr 2015; 104:38-53. 624 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

78. Kramer MS, Chalmers B, Hodnett ED, Sevkovskaya Z, Dzikovich I, Shapiro S, et al. 625 

Promotion of Breastfeeding Intervention Trial (PROBIT)A Randomized Trial in the 626 

Republic of Belarus. JAMA 2001; 285:413-20. 627 

79. Kramer MS, Matush L, Vanilovich I, Platt R, Bogdanovich N, Sevkovskaya Z, et al. 628 

Effect of prolonged and exclusive breast feeding on risk of allergy and asthma: cluster 629 

randomised trial. Bmj 2007; 335:815. 630 

80. Flohr C, Henderson AJ, Kramer MS, Patel R, Thompson J, Rifas-Shiman SL, et al. Effect 631 

of an Intervention to Promote Breastfeeding on Asthma, Lung Function, and Atopic 632 

Eczema at Age 16 Years: Follow-up of the PROBIT Randomized Trial. JAMA Pediatr 633 

2018; 172:e174064. 634 

81. Kramer MS, Kakuma R. Maternal dietary antigen avoidance during pregnancy or 635 

lactation, or both, for preventing or treating atopic disease in the child. The Cochrane 636 

Database of Systematic Reviews 2012; 2012:CD000133. 637 

82. Boyle RJ, Ierodiakonou D, Khan T, Chivinge J, Robinson Z, Geoghegan N, et al. 638 

Hydrolysed formula and risk of allergic or autoimmune disease: systematic review and 639 

meta-analysis. BMJ (Clinical research ed.) 2016; 352:i974. 640 

83. Ando T, Mori R, Takehara K, Asukata M, Ito S, Oka A. Effectiveness of Pediatric 641 

Teleconsultation to Prevent Skin Conditions in Infants and Reduce Parenting Stress in 642 

Mothers: Randomized Controlled Trial. JMIR Pediatrics and Parenting 2022; 5:e27615. 643 

84. Jia Y, Huang Y, Wang H, Jiang H. Effect of Prenatal Omega-3 Polyunsaturated Fatty 644 

Acid Supplementation on Childhood Eczema: A Systematic Review and Meta-Analysis. 645 

International Archives of Allergy and Immunology 2023; 184:21-32. 646 

85. Linnamaa P, Savolainen J, Koulu L, Tuomasjukka S, Kallio H, Yang B, et al. 647 

Blackcurrant seed oil for prevention of atopic dermatitis in newborns: a randomized, 648 

double‐blind, placebo‐controlled trial. Clinical & Experimental Allergy 2010; 40:1247-649 

55. 650 

86. Navaratna S, Estcourt MJ, Burgess J, Waidyatillake N, Enoh E, Lowe AJ, et al. 651 

Childhood vaccination and allergy: A systematic review and meta-analysis. Allergy 652 

2021; 76:2135-52. 653 

87. Obbagy JE, English LK, Wong YP, Butte NF, Dewey KG, Fleischer DM, et al. 654 

Complementary feeding and food allergy, atopic dermatitis/eczema, asthma, and allergic 655 

rhinitis: a systematic review. The American journal of clinical nutrition 2019; 109:890S-656 

934S. 657 

88. Waidyatillake NT, Dharmage SC, Allen KJ, Bowatte G, Boyle RJ, Burgess JA, et al. 658 

Association between the age of solid food introduction and eczema: A systematic review 659 

and a meta-analysis. Clinical & Experimental Allergy 2018; 48:1000-15. 660 

89. Ierodiakonou D, Garcia-Larsen V, Logan A, Groome A, Cunha S, Chivinge J, et al. 661 

Timing of Allergenic Food Introduction to the Infant Diet and Risk of Allergic or 662 

Autoimmune Disease: A Systematic Review and Meta-analysis. JAMA 2016; 316:1181-663 

92. 664 

90. Bremmer SF, Simpson EL. Dust mite avoidance for the primary prevention of atopic 665 

dermatitis: A systematic review and meta-analysis. Pediatric Allergy and Immunology 666 

2015; 26:646-54. 667 

91. Arshad SH, Matthews S, Gant C, Hide DW. Effect of allergen avoidance on development 668 

of allergic disorders in infancy. The Lancet 1992; 339:1493-7. 669 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

92. Yepes-Nuñez JJ, Guyatt GH, Gómez-Escobar LG, Pérez-Herrera LC, Chu AW, Ceccaci 670 

R, et al. Allergen immunotherapy for atopic dermatitis: Systematic review and meta-671 

analysis of benefits and harms. Journal of Allergy and Clinical Immunology 2023; 672 

151:147-58. 673 

93. Zolkipli Z, Roberts G, Cornelius V, Clayton B, Pearson S, Michaelis L, et al. 674 

Randomized controlled trial of primary prevention of atopy using house dust mite 675 

allergen oral immunotherapy in early childhood. Journal of Allergy and Clinical 676 

Immunology 2015; 136:1541-7.e11. 677 

94. Alviani C, Roberts G, Moyses H, Pearson S, Larsson M, Zolkipli Z, et al. Follow-up, 18 678 

months off house dust mite immunotherapy, of a randomized controlled study on the 679 

primary prevention of atopy. Allergy 2019; 74:1406-8. 680 

95. Ndibazza J, Mpairwe H, Webb EL, Mawa PA, Nampijja M, Muhangi L, et al. Impact of 681 

Anthelminthic Treatment in Pregnancy and Childhood on Immunisations, Infections and 682 

Eczema in Childhood: A Randomised Controlled Trial. PLOS ONE 2012; 7:e50325. 683 

96. Cooper PJ, Chico ME, Vaca MG, Moncayo AL, Bland JM, Mafla E, et al. Effect of 684 

albendazole treatments on the prevalence of atopy in children living in communities 685 

endemic for geohelminth parasites: a cluster-randomised trial. Lancet 2006; 367:1598-686 

603. 687 

97. Wiria AE, Hamid F, Wammes LJ, Kaisar MM, May L, Prasetyani MA, et al. The effect 688 

of three-monthly albendazole treatment on malarial parasitemia and allergy: a household-689 

based cluster-randomized, double-blind, placebo-controlled trial. PLoS One 2013; 690 

8:e57899. 691 

98. Chudnovskiy A, Mortha A, Kana V, Kennard A, Ramirez JD, Rahman A, et al. Host-692 

Protozoan Interactions Protect from Mucosal Infections through Activation of the 693 

Inflammasome. Cell 2016; 167:444-56.e14. 694 

99. Straubinger K, Paul S, Prazeres da Costa O, Ritter M, Buch T, Busch DH, et al. Maternal 695 

immune response to helminth infection during pregnancy determines offspring 696 

susceptibility to allergic airway inflammation. J Allergy Clin Immunol 2014; 134:1271-697 

9.e10. 698 

100. Mpairwe H, Webb EL, Muhangi L, Ndibazza J, Akishule D, Nampijja M, et al. 699 

Anthelminthic treatment during pregnancy is associated with increased risk of infantile 700 

eczema: randomised-controlled trial results. Pediatric Allergy and Immunology 2011; 701 

22:305-12. 702 

101. Wan M, Yang X. Maternal exposure to antibiotics and risk of atopic dermatitis in 703 

childhood: a systematic review and meta-analysis. Frontiers in Pediatrics 2023; 704 

11:1142069. 705 

102. Huang F-Q, Lu C-Y, Wu S-P, Gong S-Z, Zhao Y. Maternal exposure to antibiotics 706 

increases the risk of infant eczema before one year of life: a meta-analysis of 707 

observational studies. World Journal of Pediatrics 2020; 16:143-51. 708 

103. Shaker MS, Lieberman JA, Lang DM. Answering the Call for Trustworthy Clinical 709 

Guidelines. J Allergy Clin Immunol Pract 2023; 11:3221-2. 710 

104. Maleki-Yazdi KA, Heen AF, Zhao IX, Guyatt GH, Suzumura EA, Makhdami N, et al. 711 

Values and preferences of patients and caregivers regarding treatment of atopic dermatitis 712 

(eczema): a systematic review. JAMA dermatology 2023. 713 

105. Tham EH, Leung ASY, Yamamoto-Hanada K, Dahdah L, Trikamjee T, Warad VV, et al. 714 

A systematic review of quality and consistency of clinical practice guidelines on the 715 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

primary prevention of food allergy and atopic dermatitis. World Allergy Organ J 2023; 716 

16:100770. 717 

106. Soriano VX, Peters RL, Ponsonby A-L, Dharmage SC, Perrett KP, Field MJ, et al. Earlier 718 

ingestion of peanut after changes to infant feeding guidelines: The EarlyNuts study. 719 

Journal of Allergy and Clinical Immunology 2019; 144:1327-35.e5. 720 

107. Soriano VX, Peters RL, Moreno-Betancur M, Ponsonby A-L, Gell G, Odoi A, et al. 721 

Association Between Earlier Introduction of Peanut and Prevalence of Peanut Allergy in 722 

Infants in Australia. JAMA 2022; 328:48-56. 723 

108. Koplin JJ, Peters RL, Dharmage SC, Gurrin L, Tang MLK, Ponsonby A-L, et al. 724 

Understanding the feasibility and implications of implementing early peanut introduction 725 

for prevention of peanut allergy. Journal of Allergy and Clinical Immunology 2016; 726 

138:1131-41.e2. 727 

109. Arehart CH, Daya M, Campbell M, Boorgula MP, Rafaels N, Chavan S, et al. Polygenic 728 

prediction of atopic dermatitis improves with atopic training and filaggrin factors. Journal 729 

of Allergy and Clinical Immunology 2022; 149:145-55. 730 

110. Simpson EL, Keck LE, Chalmers JR, Williams HC. How should an incident case of 731 

atopic dermatitis be defined? A systematic review of primary prevention studies. Journal 732 

of Allergy and Clinical Immunology 2012; 130:137-44. 733 

111. Williams HC, Schmitt J, Thomas KS, Spuls PI, Simpson EL, Apfelbacher CJ, et al. The 734 

HOME Core outcome set for clinical trials of atopic dermatitis. Journal of Allergy and 735 

Clinical Immunology 2022; 149:1899-911. 736 

112. Schmitt J, Spuls PI, Thomas KS, Simpson E, Furue M, Deckert S, et al. The Harmonising 737 

Outcome Measures for Eczema (HOME) statement to assess clinical signs of atopic 738 

eczema in trials. J Allergy Clin Immunol 2014; 134:800-7. 739 

113. Lowe AJ, Hosking CS, Bennett CM, Allen KJ, Axelrad C, Carlin JB, et al. Effect of a 740 

partially hydrolyzed whey infant formula at weaning on risk of allergic disease in high-741 

risk children: A randomized controlled trial. Journal of Allergy and Clinical Immunology 742 

2011; 128:360-5.e4. 743 

114. Lopez DJ, Lodge CJ, Bui DS, Waidyatillake NT, Abramson MJ, Perret JL, et al. 744 

Establishing subclasses of childhood eczema, their risk factors and prognosis. Clinical & 745 

Experimental Allergy 2022; 52:1079-90. 746 

115. Cait A, Wedel A, Arntz JL, Duinkerken J, Datye S, Cait J, et al. Prenatal antibiotic 747 

exposure, asthma, and the atopic march: A systematic review and meta-analysis. Allergy 748 

2022; 77:3233-48. 749 

 750 

Jo
urn

al 
Pre-

pro
of



Jo
urn

al 
Pre-

pro
of


