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Abstract 46 

 47 

Background: There is a substantial body of evidence on the epidemiology of allergic 48 

conditions, which has advanced the understanding of these conditions. We aimed to 49 

systematically identify systematic reviews and meta-analyses on the epidemiology of allergic 50 

diseases to assess what has been studied comprehensively and what areas might benefit from 51 

further research. 52 

Methods: We searched PubMed and EMBASE up to 12/2014 for systematic reviews on 53 

epidemiological research on allergic diseases. We indexed diseases and topics covered and 54 

extracted data on the search characteristics of each systematic review. 55 

Results: The search resulted in 3,991 entries after removing duplicates, plus 20 other items 56 

found via references and conference abstracts; 421 systematic reviews were relevant and 57 

included in this overview. The majority contained some evidence on asthma (72.9%). Allergic 58 

rhinitis, atopic eczema, and food hypersensitivity were covered in 15.7%, 24.5%, and 9.0%, 59 

respectively. Commonly studied risk factors for atopic eczema included dietary and microbial 60 

factors, while for asthma, pollution and genetic factors were often investigated in systematic 61 

reviews. There was some indication of differing search characteristics across topics. 62 

Conclusion: We present a comprehensive overview with an indexed database of published 63 

systematic reviews in allergy epidemiology. We believe that this clarifies where most research 64 

interest has focussed and which areas could benefit from further research. We propose that 65 

this effort is updated every few years to include the most recently published evidence and to 66 

extend the search to an even broader list of hypersensitivity / allergic disorders. 67 

 68 

Word count: 243 (250 allowed) 69 
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Introduction 70 

Intensive epidemiological research on allergies has produced a substantial body of 71 

evidence and advanced the understanding of these conditions. Systematic reviews and meta-72 

analyses have assisted the critical appraisal and synthesis of this literature. What is harder to 73 

identify is the balance of research interests in the field of allergy: Which areas have been 74 

extensively investigated and perhaps more importantly, where are the remaining gaps in 75 

knowledge? 76 

Recent large-scale efforts to summarize the current knowledge of topics related to 77 

epidemiology, prevention and control of allergic diseases include comprehensive expert 78 

opinion pieces like the Global Atlas Series of the European Academy of Allergy and Clinical 79 

Immunology (EAACI).(1–3) More systematic approaches include overviews of systematic 80 

reviews on atopic eczema covering a series of one to two year periods.(4–12) Another 81 

example for atopic eczema is an overview of systematic reviews on the efficacy and safety of 82 

interventions to prevent the condition.(13) There are fewer examples of overviews of 83 

systematic reviews for other allergic disease: one for food allergy(16) and two for 84 

asthma,(14,15) one of which was restricted to associations with dietary factors.(15) 85 

For some time now, systematic reviews have been a useful approach to synthesize 86 

original evidence for researchers and decision makers. More recently, these users are faced 87 

with a larger and larger number of systematic reviews, which can cloud the issue or be 88 

impossible to grasp in detail, much as when these users used to be faced with large numbers 89 

of original articles.(17,18) Consequently, overviews of systematic reviews allow comparison 90 

of the findings of separate systematic reviews to inform further research or health care 91 

providers. 92 

To date, there has been no attempt to provide an overview of systematic reviews 93 

across several allergic diseases. This would allow comparison between different allergic 94 

diseases, which may help to identify areas that are understudied for specific allergic diseases. 95 

Moreover, the previous overviews of systematic reviews for atopic eczema include a very 96 

comprehensive search strategy but are limited in the time frame covered. The more general 97 

overview of systematic reviews on risk and protective factors for asthma was restricted to the 98 

paediatric literature, non-genetic factors, and systematic reviews that included a meta-99 

analysis.(14) 100 

The EAACI Interest Group on Epidemiology therefore formed a Task Force 101 

“Overview of Systematic Reviews in Allergy Epidemiology (OSRAE)” to identify systematic 102 

reviews and meta-analyses on the epidemiology of allergic diseases in humans with three 103 
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main aims: (i) to provide reference for future overviews of systematic reviews in allergy 104 

epidemiology with an indexed database, (ii) to assess what has been studied comprehensively, 105 

and (iii)  to assess which areas might benefit from further research. 106 
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Methods 107 

Search strategy and study selection 108 

We searched PubMed and EMBASE (via OVID, including conference abstracts) for 109 

systematic reviews on epidemiological research on allergic diseases. The databases were 110 

searched from their inception; the last update of the search was carried out on December 17, 111 

2014. The search terms were designed in collaboration with the Cochrane Airways Group 112 

(full detail in Appendix S1). No restrictions were applied on language, publication period, or 113 

data on humans. Abstracts and full texts in other languages were assessed together with team 114 

members with sufficient knowledge of that particular language or translated into English 115 

using Google Translate. 116 

Exact duplicates were removed (based on authors, title, journal, volume, issue, page 117 

numbers). Titles and abstracts were screened for potential relevance. Exclusion criteria were: 118 

(i) clear indication of lack of a systematic search (e.g. narrative reviews or meta-analyses of 119 

data from multiple study centres), (ii) no human data presented (e.g. animal data, in-vitro 120 

studies, simulation studies), (iii) outcome definition that did not include an allergic disease, 121 

and (iv) the investigated topic was the management of existing disease (e.g. therapeutic 122 

intervention, patient education, secondary and tertiary prevention - if not prevention of 123 

subsequent allergic disease). 124 

For all remaining entries, the full text of the articles was obtained. In case of 125 

conference abstracts or other entries without full text, we searched for the relevant full -text 126 

articles (PubMed, Google Scholar, and the internet), using the authors’ names and/or 127 

combinations of the title words. Duplicate publications of the same text in another language or 128 

in another journal were excluded; updates of systematic reviews were retained. Also excluded 129 

were narrative summaries of single systematic reviews; here, the original full text was 130 

obtained in case it had not been found in the primary search. References of overviews of 131 

systematic reviews were scrutinised for systematic reviews, compared to the compilation of 132 

full texts, and included if not already present. Full texts were again subjected to the exclusion 133 

criteria listed above. All entries and full texts were evaluated independently by two members 134 

of the study team; the lead author settled any cases of disagreement. 135 

 136 

Data extraction 137 

Complete citations of the reviews were extracted with a particular focus on the titles 138 

and the year of (print) publication. For six systematic reviews, the year of publication in 139 

PubMed was 2015 although the last search was conducted in December 2014. These were 140 
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retained and the year of publication was reset to 2014 for analytical purposes. All  systematic 141 

reviews were indexed by the diseases on which they presented original data and the topic of 142 

the systematic reviews. We started with an arbitrary list of topics produced by the Task Force 143 

members which was refined during the process of data extraction and then re-applied to all 144 

articles that had already been indexed. After evaluating all the included systematic reviews, 145 

the indexed disease and topic terms were aggregated (Tables S1 and S2). For the disease 146 

terms, we used the terminology developed by the EAACI-WAO Task Force “Global 147 

Classification of Hypersensitivity/Allergic Diseases”.(19–21) While an article could be 148 

indexed with multiple keywords, we were careful to index certain exposures/topics always 149 

with the same topic keyword. For example, exposure to endotoxins or lipopolysaccharides 150 

(LPS) was indexed with “microbes” rather than “infection”, since LPS could be a proxy for 151 

both pathologic and non-pathologic bacteria. Also, “dampness/mould” was separated from 152 

“allergens” and “microbes”, since mechanisms underlying the associations may be different. 153 

Similarly, “pets” were separated from “allergens”: if evidence on exposure to live pets was 154 

reported, this was indexed with “pets”, whereas reported evidence on specific pet allergens 155 

(e.g. Fel d1) was indexed with “allergens”. For the outcomes and topics, we extracted the 156 

definitions presented in the systematic reviews and any age restrictions that were applied. We 157 

also indexed the type of systematic review, i.e. systematic review, systematic review with 158 

meta-analysis, and overview of systematic reviews. 159 

We documented a number of search characteristics for each systematic review. These 160 

included details of the search (start date, end date, search terms, searched databases, any 161 

applied language restrictions, further applied restrictions (e.g. limited to human data) and any 162 

inclusion and exclusion criteria. We also extracted the number of evaluated search hits (if 163 

documented, those after de-duplication) and of included articles. If a portion of a systematic 164 

review fulfilled our exclusion criteria but another portion did not, we documented the number 165 

of included articles in the portion that did not fulfil our exclusion criteria. We divided the 166 

number of included articles by the number of evaluated search hits, which we call the search 167 

efficiency, and expressed this as a percentage. While this metric is subject to several 168 

contributory factors we interpret it as indicating the extent to which research in a particular 169 

area has generated information of sufficient clarity and quality to be able to contribute to a 170 

systematic review. 171 

Data extraction was conducted by two members of the review team independently for 172 

all of the included systematic reviews on asthma (73%) and by one member for the remainder. 173 

The lead author settled cases of disagreement. All evaluation, data extraction, and indexing 174 
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was performed using a relational database (Microsoft Access 2010©, Microsoft Corporation, 175 

Redmond, Washington, United States). 176 

 177 

Data analysis 178 

To obtain an initial overview of the topics covered, we analysed the keywords, the 179 

words in the English abstract, and the words in the English titles of the included systematic 180 

reviews. The last of these appeared more insightful since keywords contained more technical 181 

terms and the repetition of important words in the abstract may distort the relative picture, 182 

whereas words usually appear only once in each title. 183 

Data was tabulated in terms of counts and percentages. We analysed the number of 184 

evaluated articles and the number of included articles, as well as the search efficiency, to 185 

detect increases over time and differences across topics. Analysis of time was conducted 186 

because the number of original articles on a topic typically increases over time. Analysis of 187 

topic was conducted to see whether the body of evidence is larger or more easily identified for 188 

some topics than for others. This was analysed using linear regression with log-transformed 189 

search characteristics (due to skewed distributions) as the dependent variable and separate 190 

independent dummy variables per topic (each yes/no), since individual systematic reviews 191 

could be indexed with multiple topics. We report p-values for the likelihood ratio test of the 192 

global association of topics with search characteristics from these models. To facilitate 193 

interpretation of the overview, we present our data and relations within the data using several 194 

visualization techniques. Word clouds (Figure 2) were produced using Wordle© on 195 

http://www.wordle.net/, a tool for generating word clouds from provided text created by 196 

Jonathan Feinberg. Network visualisation (Figure 3) was produced using Gephi© 197 

(https://gephi.org/), a non-profit open-source software for network visualization and analysis 198 

created by the Gephi Consortium. 199 
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Results 200 

After removal of duplicates, the search resulted in 3,991 entries plus 20 additional full 201 

texts found via references and conference abstracts. Of these, 421 systematic reviews were 202 

relevant and are included in this overview (Figure 1). The main reasons for exclusion were 203 

that the search hits were either original articles or narrative reviews but lacked the description 204 

of a systematic review. Appendix S2 contains the full list including the indexed diseases and 205 

topics in a spreadsheet which can be searched and sorted. For two of the full texts, the 206 

extracted data were based on the abstract and those parts of the full text that could be 207 

translated.(22,23) 208 

In total, 42.0% of the English titles contained the word “systematic”, 46.6% contained 209 

“review” or “reviews”, and 42.0% contained “meta-analysis”, “meta-analytic”, or “meta-210 

regression” (including plural and omission of the hyphen). All three terms were present in 211 

16.2% of the titles which is in contrast to 54.2% of the included articles being indexed by us 212 

as systematic review with meta-analysis. Following removal of these three most common 213 

technical terms, the title word cloud showed clear overrepresentation of asthma over other 214 

allergic disease terms, of terms associated with children over adults, and of terms associated 215 

with genetic factors over other intrinsic or environmental factors (Figure 2). 216 

To provide a more accurate representation of the systematic reviews’ content, we 217 

indexed them by disease (Table S1) and topic (Table S2). Figure 3 shows an overview of 218 

inter-relations between the indexed aggregated allergic diseases and the aggregated topics 219 

represented in the included systematic reviews. For example, dietary and microbial factors 220 

have been more often studied along with atopic eczema than along with other topics 221 

(comparing the thickness of the lines) while for asthma pollution and genetic factors are also 222 

often investigated in the systematic reviews. 223 

Of note, 35.4% of the included systematic reviews were on asthma alone, 14.3% on 224 

asthma and wheeze alone, 19.5% on asthma with or without wheeze alongside other allergic 225 

diseases, and 3.8% on wheeze alone or alongside other allergic diseases. Thus, the majority 226 

(72.9%) of the included systematic reviews contained some evidence on asthma, including 227 

occupational asthma, or wheeze. The aggregated disease terms allergic rhinitis, atopic 228 

eczema, and food hypersensitivity (Table S1) were covered by 15.7%, 24.5%, and 9.0%, 229 

respectively. 230 

The yearly published number of systematic reviews relevant for this overview 231 

increased over time (Figure 4, black line). A similar trend was observed for the subset of 232 

systematic reviews with meta-analysis (data not shown). Across all systematic reviews, the 233 
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median number of articles included per systematic review was 16 (25th percentile: 8; 75th 234 

percentile: 30; extracted for 97.1%). This has not changed substantially over time (Figure 4, 235 

grey line). For 77.2% of the systematic reviews, we were able to determine their search 236 

efficiency (the numbers of articles included divided by the number of evaluated search hits). 237 

Median search efficiency was 4% (25th percentile: 1%; 75th

Some search characteristics appeared to vary by topic: p

 percentile: 11%), which also did 238 

not change much over time (data not shown). 239 

F-test=0.008 for the number of 240 

evaluated search hits, pF-test<0.001 for the number of included articles, and pF-test

The databases by far most often used for searches within the systematic reviews were 248 

MEDLINE (PubMed, 96%) and EMBASE (47%). For 9% of the included systematic reviews, 249 

the search period was 10 years or less; for 15% it was 15 years or less. For some the start date 250 

of the search was well argued (e.g. updates of previous systematic reviews or a review of the 251 

effects of hydrolysed formula for infant feeding starting from their date of market 252 

introduction(24)), but others seemed to pick search periods more arbitrarily. 253 

=0.56 for the 241 

search efficiency (all without modelling effects of the category “therapeutic” due to the low 242 

number of contributing systematic reviews). For illustration, Figure 5 depicts the median 243 

number of evaluated search hits and the median search efficiency, both per systematic review, 244 

for each topic. On average, systematic reviews on genetics tended to have a lower number of 245 

evaluated search hits, a lower number of included articles, and a higher search efficiency than 246 

systematic reviews on most other topics. 247 
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Discussion 254 

We present a comprehensive overview of systematic reviews in allergy epidemiology 255 

which demonstrates that more systematic reviews published on allergy epidemiology are for 256 

asthma compared with other allergic diseases. Numerous topics have been covered in 257 

systematic reviews and for most topics there is more than one systematic review. While there 258 

were some comprehensive updates of systematic reviews, other repeats of systematic reviews 259 

indicate a degree of redundancy. 260 

From our analyses of the titles, it is clear that not all systematic reviews can readily be 261 

identified from the title alone. This may have limited our ability to find relevant systematic 262 

reviews. In addition, we have only searched two major databases of the scientific literature. 263 

Moreover, our search terms may not have captured rarer hypersensitivity / allergic disorders. 264 

Nevertheless, we screened a substantial number of entries and were able to derive what is, to 265 

the best of our knowledge, the most comprehensive collection of systematic reviews on 266 

allergy epidemiology to date. Since the end of our search numerous systematic reviews have 267 

been published in the field. Some of these are identified in another overview on risk and 268 

protective factors for childhood asthma which included 42 systematic reviews published up to 269 

January 2016 but focused on childhood, on non-genetic factors, and on systematic reviews 270 

with meta-analysis.(14) Of note, our search found at least 15 further systematic reviews with 271 

these characteristics(25–39) not contained in the 2016 overview even though our search ended 272 

earlier. This indicates that the search of the 2016 overview may have been too narrow. 273 

Systematic reviews and their overview are not the only way to synthesise evidence. 274 

Several large-scale, collaborative efforts have collated data, for example (i) the International 275 

Study of Asthma and Allergies in Childhood (http://isaac.auckland.ac.nz/) using the same 276 

study methodology to collect data in many centres around the world, (ii) the MeDALL, 277 

CHICOS, ENRIECO, and GA2

Our efforts of indexing the available systematic reviews indicate that there are some 286 

topics which have been reviewed much more often than others with genetics dominating the 287 

LEN initiatives pooling birth cohorts in allergy and 278 

asthma,(40) and (iii) singular comprehensive meta-analyses without a systematic literature 279 

search.(41) Moreover, pooling results from several studies is common in the field of genetic 280 

epidemiology. There are several articles in which the authors provide their original data and 281 

include a meta-analysis of “all available studies” without mentioning a systematic search for 282 

these studies (e.g. (42–45)). It is conceivable that the authors were aware of all available 283 

published data, especially in the earlier years. However, we did not include such reports due 284 

to the lack of indication of a systematic literature search. 285 
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list. In total, systematic reviews on environmental factors outnumber those on genetic factors 288 

because the former are indexed with several terms. Systematic reviews on genetic factors 289 

tended to have a lower number of evaluated search hits and a higher search efficiency, 290 

indicating that it may be easier to identify original articles in this field than in others. Coupled 291 

with the interest in the field and with the fact that reports of genetic association from case-292 

control samples are relatively easy to meta-analyse due to a standard definition of the 293 

independent variable, i.e. the genetic polymorphisms, this may have led to the large number 294 

of systematic reviews with meta-analyses on genetic factors. 295 

Similarly, there were many more systematic reviews on asthma than on other allergic 296 

diseases. While this may reflect the proportions of original literature on the diseases, it could 297 

also be at least partly due to neglected areas. For instance, among diseases affecting the 298 

respiratory system, there is a larger number of systematic reviews on pollution compared to 299 

those on dietary factors and on exposure to microbes for asthma but not for allergic rhinitis. 300 

We document a substantial increase in the number of published systematic reviews on 301 

allergy epidemiology over the past two decades. However, the median number of included 302 

original articles in each systematic review was more or less stable at around 20 over this time. 303 

This could be because the more recent systematic reviews were conducted on more recently 304 

investigated topics for which there is less published evidence. It could also be due to the fact 305 

that with every new systematic review on an already reviewed topic more stringent inclusion 306 

criteria are applied. In addition, we noticed that the search period and in- and exclusion 307 

criteria of some systematic reviews were set in a way that resulted in a limited number of hits, 308 

most likely to facilitate data handling and synthesis. Importantly, we have not formally judged 309 

the quality of the included systematic reviews; for asthma, this is part of a companion 310 

paper.(46) However, the aforementioned practice is likely to result in selection bias and in 311 

particular in the loss of older evidence. 312 

In conclusion, we present a comprehensive overview with an indexed database of 313 

published systematic reviews in allergy epidemiology. We hope that this facilitates 314 

understanding where most research interest has focussed and where there are areas that could 315 

benefit from further research. We propose that this effort should be updated every few years 316 

to include the most recently published evidence and to extend the search to an even broader 317 

range of hypersensitivity / allergic disorders. 318 
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Figure 1: Flow chart of the in- and exclusion of the search results. 466 

4,566 records identified

through database search

(1,311 Pubmed; 3,008 EMBASE;

247 EMBASE conf abstracts)

plus 20 additional full-texts

via references or

conference abstracts

3,991 records screened

575 duplicates removed

3,421 excluded

575 potentially relevant

based on title and abstract

n=421 relevant full-texts
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Figure 2: Word cloud of the most common title words. 467 

All words were transformed to lower case; plural was transformed to singular. Abbreviations 468 

and written out words were harmonised. Common English words (e.g. prepositions, transition 469 

words) and numbers were removed. Displayed are all words appearing at least 5 times, 470 

excluding “systematic”, “review”, and “meta-analysis” (top 113 words). The size of the words 471 

is scaled according to their frequency. Colour and position were assigned randomly and are 472 

without specific meaning. 473 
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Figure 3: Interrelations between the indexed allergic diseases and the indexed 474 

topics. 475 

Allergic disease categories are based on the aggregated indices (Table S1), topics are based on 476 

the highly aggregated indices (Table S2). Bubble diameter is proportional to the number of 477 

systematic reviews with the respective index term. Line thickness is proportional to the 478 

number of systematic reviews indexed with the connected index terms. Colours are arbitrary: 479 

disease terms are shaded in grey, topics are shaded from blue/green to red, lines are coloured 480 

corresponding to the topics. 481 
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Figure 4: Number of systematic reviews and median number of articles included in 482 

these systematic reviews per year. 483 

Dots indicate data points. Dashed lines are used for periods with uncertainty due to low 484 

numbers. 485 
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Figure 5: Median number of evaluated search hits and median search efficiency of 486 

the included systematic reviews per highly aggregated topic. 487 

Search efficiency is the ratio between included articles and evaluated search hits per 488 

systematic review expressed in %. Topics are based on the highly aggregated indices detailed 489 

in Table S2. Medians are calculated among all systematic reviews indexed with the respective 490 

topic. Bubble area is proportional to the number of systematic reviews with the respective 491 

indexed topic; bubble colour is the same as in Figure 3. 492 
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