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58 Abstract

59 Objective: Conduct a systematic review and meta-analysis examining the association between 

60 hypertensive disorders of pregnancy (HDP) and risk of asthma, eczema, food allergies and allergic 

61 rhinitis in the offspring. A
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62 Design: A systematic review and random effects meta-analyses were used to synthesise the 

63 published literature. PRISMA guidelines were followed throughout. Two independent reviewers 

64 carried out data extraction and quality assessment of included studies. Grading of 

65 Recommendations Assessment, Development and Evaluation (GRADE) was used to assess 

66 certainty of findings.

67 Data Sources: A systematic search of PubMed, Embase, Web of Science and CINAHL was 

68 performed from inception of databases-April 21, 2020, supplemented by hand-searching reference 

69 lists of included articles.

70 Eligibility Criteria: Two reviewers independently reviewed titles, abstracts, and full-text articles. 

71 English-language, cohort, case-control and cross-sectional published studies examining the 

72 association between HDP (primary exposure: preeclampsia; secondary exposures: all other HDP) 

73 and asthma, eczema, food allergies and allergic rhinitis were included. 

74 Results: Of the 2,833 studies retrieved, 14 studies met inclusion criteria. Of these, 11 studies 

75 reported evidence of association between HDP and atopic disorders. Thirteen studies reported 

76 estimates for asthma. Seven of these included adjusted estimates (including 3,645,773 

77 participants) for a preeclampsia-asthma relationship resulting in a pooled odds ratio (OR) of 1.14 

78 (95% CI: 1.04, 1.26) (I2=62%). However, this OR was reduced to 1.08 (95% CI: (0.78, 1.48) when 

79 the large registry based cohort studies were excluded, and only studies using  parent-reported 

80 measures to determine a diagnosis of asthma were included. Four studies included adjusted 

81 estimates (including 254,998 participants) for other HDP and asthma (pooled OR: 1.02, 95% CI: 

82 0.96, 1.09) (I2=0%). Two studies provided adjusted estimates (including 1,699,663 participants) 

83 for a preeclampsia-eczema relationship (pooled OR: 1.06, 95% CI: 0.98, 1.14) (I2=0%). One study 

84 including preeclampsia-food allergies was identified (OR: 1.28, 95% CI: 1.11, 1.46). Three studies 

85 examined a HDP (including preeclampsia) and allergic rhinitis relationship, with effect estimates 

86 ranging from 1.14 to 2.10. Studies were classified as low or low-moderate risk of bias, while 

87 GRADE certainty of findings were low to very low.

88 Conclusions: While preeclampsia was associated with a possible increased risk of asthma in 

89 offspring, there was no evidence for a relationship between other HDP and asthma. There is a lack 

90 of published literature examining the association between HDP and eczema, food allergy and 

91 allergic rhinitis. Further primary research is warranted to gain a better understanding of the 

92 association between HDP and the risk of childhood atopic disease. 

93 Systematic review registration: Review protocol in appendix. A
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94 Introduction

95 Hypertensive disorders of pregnancy (HDP) are estimated to affect up to 10% of all pregnancies, 

96 and are a recognised risk factor for maternal and prenatal morbidity and mortality(1-3). The 

97 International Society for the Study of Hypertension in Pregnancy (ISSHP) categorises HDP as: 

98 “chronic hypertension”, “white-coat hypertension”, “masked hypertension”, “gestational 

99 hypertension”, and “preeclampsia” (de novo/superimposed on chronic hypertension(4). 

100 Hypertensive disorders of pregnancy are associated with maternal inflammation, oxidative stress 

101 and disruption of blood flow to the placenta, all of which can impact fetal development(5).

102 It is well established that pregnancy and early childhood are critical time periods for the 

103 development of airways and the immune system, and genetic and environmental factors play 

104 important roles in determining the development of atopic disorders in offspring(6-8). Childhood 

105 atopic disorders include asthma, eczema (also known as atopic dermatitis), food allergies and 

106 allergic rhinitis, and are characterised by the development of an allergen-specific T helper type 2 

107 (Th2) response which often (but not always) includes the development of specific immunoglobulin 

108 (IgE) targeted against the allergen(9). The presence of these specific antibodies is detected using a 

109 skin prick test or a blood test(8). 

110 Previous epidemiological research has indicated an association between HDP and atopic disorders 

111 in offspring(10, 11). For example, a population-based registry cohort with data on over 1.5 million 

112 people suggested an association between preeclampsia and asthma after controlling for several 

113 potential confounders(10)  However, results are conflicting as some relatively smaller studies do not 

114 suggest an association(12, 13). Furthermore, all studies on this topic were original studies, with no 

115 systematic review conducted, to date.

116 Given that HDP are among the most common adverse prenatal conditions(3), and the lack of 

117 general consensus on this topic, collating existing evidence examining a HDP-atopic disorder 

118 association is timely. Therefore, the aim of this study was to synthesise the available published 

119 literature on the relationship between HDP and atopic disorders in the offspring in the form of a 

120 systematic review and meta-analysis.  
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121 Methods

122 The systematic review was based on the following requirements:

123 Population: Pregnant women and their children

124 Intervention/Exposure: HDP (primary exposure: preeclampsia; secondary exposures: other 

125 HDP)

126 Comparison: No preeclampsia/no HDP

127 Outcomes: Atopic disorders (outcome 1: asthma; outcome 2: eczema; outcome 3: food allergies; 

128 outcome 4: allergic rhinitis)

129

130 Data Sources and Search Strategy

131 Based on a pre-prepared protocol (Appendix 1), and in accordance with the Preferred Reporting 

132 Items for Systematic Reviews and Meta Analyses (PRISMA) guidelines(14), two reviewers (NC 

133 and GMM) conducted a systematic literature search of four electronic databases: PubMed, 

134 Embase, Web of Science and CINAHL, from inception through to April 21, 2020. 

135 Search terms associated with HDP and asthma, eczema, food allergy and allergic rhinitis were 

136 combined according to the principles of Boolean Logic (AND/OR/NOT) and using Medical 

137 Subject Headings (MeSH). For example, (“Pre-eclampsia” OR “hypertensive disorders of 

138 pregnancy”) AND (“asthma” OR “eczema” OR “food allergy” OR “allergic rhinitis”). The full 

139 search strategy is included in Appendix 2. Results were limited to human studies, published in the 

140 English language. No restrictions were placed on publication date, location of study or age of 

141 participants. Searches of the electronic databases were supplemented by hand-searching the 

142 reference lists of included studies for further potentially eligible studies, and contact with authors 

143 was made when a conference proceeding only was located to identify if the relevant full-text paper 

144 had been published. A post-hoc search of PubMed was also conducted adding the keywords 

145 “bronchial spasm” OR “bronchial hyperreactivity” OR “respiratory hypersensitivity” to the search 

146 strategy.

147

148 Study Selection

149 Titles and abstracts of studies retrieved from each database search were stored and managed in 

150 Endnote reference manager©. Two review authors (NC, GMM) independently reviewed the titles 

151 and abstracts of all studies, removing duplicates and obtaining full texts where necessary. Where A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

152 consensus on eligibility could not be achieved, a third review author (ASK) was involved in the 

153 discussion. Eligibility criteria for inclusion in the systematic review included:

154  English language cohort, case-control or cross-sectional published studies where a HDP 

155 diagnosis was reported, and the outcome of interest was a childhood atopic disorder 

156 (asthma, eczema, food allergy and/or allergic rhinitis). 

157  Where the outcome of interest was asthma, this must be clearly defined (i.e. not wheezing). 

158  Peer-reviewed, epidemiological studies containing original data only.

159  Examining the association between HDP and atopic disease in the offspring was part of the 

160 main objective of the study.

161  Diagnosis of HDP could be confirmed through self-reporting (following doctor diagnosis) 

162 and/or medical records.

163  Diagnosis of asthma, eczema, food allergies and allergic rhinitis could be confirmed 

164 through maternal-reporting/self-reporting (following doctor diagnosis) and/or medical 

165 records and/or clinical diagnosis and/or skin prick/blood test.

166  Among studies conducted on the same population with overlapping time-periods, we chose 

167 the study covering the longest time-period for inclusion in the meta-analysis to avoid using 

168 the same population more than once. 

169  Conference abstracts were excluded. 

170

171 Data Extraction

172 Two reviewers (NC, SAK) independently extracted data from all studies deemed eligible for 

173 inclusion, using a standardized data collection form. The extracted data included: the first author, 

174 publication year, data source, study design, region, study period, sample size, how both exposure 

175 and outcome were diagnosed, any confounders adjusted for (if any), matching factors (if any) and 

176 the overall result. Any discrepancies were resolved by consensus with a third reviewer (GMM). 

177 Authors of six studies were contacted to provide crude estimates and 95% confidence intervals (or 

178 raw data to allow us to compute effect estimates). A reply was received from four authors, of 

179 which, three could provide us with the additional information. 

180

181 Bias and Quality Assessment
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182 A funnel plot was used to visually assess the presence of publication bias for preeclampsia-asthma 

183 studies only. Quality assessment of included studies was carried out by two reviewers (NC, SAK) 

184 independently using an appropriate quality assessment tool described by McDonald et al.(15), while 

185 any discrepancies were resolved by a third reviewer (GMM) if necessary. The bias classification 

186 tool assesses the six most common types of bias associated with observational studies. For each 

187 eligible study, selection bias, exposure bias, outcome bias, confounding bias, analytic bias and 

188 attrition bias were rated as minimal, low, moderate or high. An overall likelihood of bias based on 

189 the total of the six types of bias was then reported. For example, risk of attrition bias was deemed 

190 minimal if there was “none or <10% attrition, and reasons for loss of follow up [were] explained”, 

191 while conversely risk of attrition bias was deemed as high if there was “>20% attrition, and 

192 reasons for loss of follow up [was] not explained”. The Grading of Recommendations Assessment, 

193 Development, and Evaluation (GRADE) approach was used to rate the certainty of findings. In the 

194 GRADE approach, observational studies start as low-quality evidence. Five factors (risk of bias, 

195 imprecision, inconsistency, indirectness, and publication bias) may lead to rating down the quality 

196 of evidence and three factors (large effect, dose response, and if residual confounding is likely to 

197 decrease rather than increase the magnitude of effect) may lead to rating up(16). 

198

199 Statistical Analysis

200 Where data permitted, Review Manager 5.3 was used to conduct meta-analyses. Using the generic 

201 inverse variance method, the overall pooled estimate between preeclampsia and asthma was 

202 calculated. The studies that adjusted for potential confounders during the analysis stage were 

203 referred to as adjusted estimates. Crude estimates and adjusted estimates were analysed separately. 

204 The overall pooled estimate between other HDP and asthma was also calculated using the generic 

205 inverse variance method (with both crude and adjusted estimates analysed separately). Similarly, 

206 the overall pooled estimate between preeclampsia and eczema was also calculated using the same 

207 method (adjusted estimates only due to lack of data).  

208 A random-effects model was used to calculate pooled odds ratios with 95% confidence intervals. 

209 The random-effects model was selected to allow for differences in the ‘exposure effect’ from 

210 study to study(17). Forest plots were used to present the results. Heterogeneity was measured using 

211 the I2, and was categorized as: 0-40% - might not be important; 30-60% - may represent moderate 

212 heterogeneity; 50-90% - may represent substantial heterogeneity and 75-100% indicating A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

213 considerable heterogeneity, according to the Cochrane Handbook criteria(18). Where data did not 

214 allow for meta-analyses to be conducted, a narrative synthesis was conducted to present results.

215 Subgroup/sensitivity analysis: Subgroup/sensitivity analyses according to study design and 

216 location were decided a priori.

217 Post hoc sensitivity analyses: Among asthma studies, three population-based registry studies with 

218 overlapping time-periods were conducted in Denmark(10, 19, 20), while this occurred among two 

219 eczema studies(10, 20). Therefore, while the main analyses included Stokholm et al(10) (as this study 

220 covered the longest time-period), we also conducted a sensitivity analysis including one Danish 

221 cohort study at a time. In order to determine if a wide range of follow-up (i.e from early childhood 

222 to >18 years) had an impact on findings, we conducted post-hoc sensitivity analyses excluding 

223 (adjusted) studies with follow-up over 18 years of age(21).

224 To explore clinical/methodological sources of heterogeneity among preeclampsia-asthma studies, 

225 we excluded the large registry based cohort studies, therefore examining a preeclampsia-asthma 

226 relationship among studies that used parent-reported measures to determine a diagnosis of asthma. 

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241 Results

242 Search Results

243 The initial search produced 2,833 results prior to the removal of duplicates. Once duplicates were 

244 removed, 1,978 studies remained. Following the screening of titles and abstracts, 38 full text A
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245 articles were reviewed. Twenty-six articles were excluded for reasons outlined in Figure 1, 

246 resulting in the identification of 11 eligible studies. Following review of the reference lists of each 

247 eligible study, three further eligible studies were identified. Therefore, a total of 14 unique studies 

248 were included in the systematic review; 13 of which included data on asthma, five on eczema, one 

249 on food allergies, and three on allergic rhinitis.

250

251 Characteristics of Eligible Studies

252 Of the 13 studies that included data on asthma, there were 12 cohort studies(7, 10-13, 20-26) and one 

253 case-control study(19). Range of follow-up was between age <1 year and 13 years for the majority 

254 of studies(7, 10, 12, 13, 22-26), while four studies followed participants up to adulthood (up to 27 

255 years)(11, 19-21). The average sample size among asthma studies was 537,198, with a minimum of 

256 806(23) and a maximum of 1,698,638 participants(10). 

257 Of the five studies that include data on eczema, four were cohort studies(10, 20, 22, 26) and one was 

258 cross-sectional with a retrospective cohort analysis(27). Range of follow-up was between age 3 

259 years and 14 years for four studies(10, 22, 26, 27), while one study followed participants up to 27 

260 years(20). The average sample size was 654,718, with a minimum of 1,025(22) and a maximum of 

261 1,698,638(10).

262 One cohort study examined food allergies (n=1,698,638) up to seven years of age(10), and three 

263 cohort studies examined allergic rhinitis (age ranges 3-14 years)(10, 21, 22) with an average sample 

264 size of 1,702,986, a minimum of 1,025(22) and a maximum of 1,698,638(10).

265 Ascertainment of HDP was determined using medical records in 11 studies(7, 10-12, 19, 20, 22-26), 

266 measured directly in one study(13) and was self-reported in two studies(21, 27). Asthma diagnosis was 

267 determined using medical records in eight studies(7, 10-12, 19, 20, 24, 26), while parental reporting was 

268 used in five studies(13, 21-23, 25). A diagnosis of eczema was determined using medical records in 

269 three studies(10, 20, 26), and parental reporting in two studies(22, 27). Food allergy data was obtained 

270 from the Danish National Patient Register(10), while data on allergic rhinitis was parental reported 

271 in two studies(21, 22), and obtained from the Danish National Patient Register in one study(10).

272 The confounders that were adjusted for included, amongst others: offspring gender, mode of 

273 delivery, gestational age, birthweight, parity, maternal age, smoking during pregnancy, maternal 

274 body mass index, maternal asthma, maternal education and allergen exposure. A summary of the 

275 eligible studies (including a full list of confounding factors) examining the association between 

276 HDP and asthma, eczema, food allergy and allergic rhinitis can be found in Appendices 3-6.A
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277

278 Meta-Analysis Results

279 Asthma: Thirteen studies investigating the association between HDP and asthma were identified(7, 

280 10-13, 19-26). Of these, 11 studies reported crude estimates(7, 10-12, 19, 21-26), and 11 studies reported 

281 adjusted estimates(7, 10, 12, 13, 19-25). Effect estimates ranged from 1.03-1.89 among the 11 studies 

282 reporting crude estimates, and from 0.80-1.34 among the 11 studies reporting adjusted estimates. 

283 Eight studies (conducted on different populations without overlapping time-periods) included 

284 crude estimates for a preeclampsia-asthma relationship(7, 10, 11, 22-26), while seven studies included 

285 adjusted estimates on preeclampsia-asthma(7, 10, 13, 22-25). Crude pooled estimates (including 

286 3,919,377 participants) for preeclampsia resulted in an odds ratio (OR) of 1.22 (95% CI: 1.12, 

287 1.33) (I2=69%) (Figure 2). Adjusted estimates (including 3,645,773 participants) reduced the 

288 preeclampsia-asthma OR to 1.14 (95% CI: 1.04, 1.26) (I2=62%) (Figure 3). 

289 Three studies included crudes estimates for other HPD-asthma(12, 21, 25), while four studies included 

290 adjusted estimates(12, 13, 21, 25). The crude pooled result (including 250,104 participants) for other 

291 HDP-asthma was 1.09 (95% CI: 1.02, 1.16) (I2=0%) (Figure 4), while the adjusted pooled result 

292 (including 254,998 participants) was 1.02 (0.96, 1.09) (I2=0%) (Figure 5).

293 Eczema: Five studies were identified that investigated the association between all HDP and 

294 eczema (atopic dermatitis) with effect estimates ranging from 0.96-1.14 among studies providing 

295 crude estimates, and from 0.90-1.84 among studies providing adjusted estimates(10, 20, 22, 26, 27). 

296 Two studies (conducted on different populations without overlapping time-periods) provided 

297 adjusted estimates (including 1,699,663 participants) for the association between preeclampsia and 

298 eczema(10, 22) resulting in a pooled OR of 1.06 (95% CI: 0.98, 1.14) (I2=0%) (Figure 6). One 

299 Danish based study(20) (n=1,545,443) could not be included in the meta-analysis as it was 

300 conducted on a similar population with overlapping time-periods to Stokholm et al(10): 1.04, (95% 

301 CI: 0.79, 1.38). One study provided a crude estimate only (n=24,690) for the relationship between 

302 eclampsia and eczema: 0.96, (95% CI: 0.73, 1.27)(26). Finally, one study provided an adjusted 

303 estimate only (n=3,794) for the relationship between other HDP and eczema: 1.08, (95% CI: 0.71, 

304 1.64)(27).

305 Subgroup/sensitivity analysis:

306 Study design: All seven cohort studies included in the meta-analysis(7, 10, 13, 22-25) (with adjusted 

307 estimates) examining a preeclampsia-asthma association were cohort studies. All four studies 

308 (with adjusted estimates) examining other HDP-asthma were cohort studies(12, 13, 21, 25). Similarly, A
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309 both studies (with adjusted estimates) examining a preeclampsia-eczema relationship were cohort 

310 studies(10, 22). 

311 Location: Six adjusted preeclampsia-asthma studies were conducted in Europe(7, 10, 13, 22, 24, 25) 

312 (pooled OR: 1.14, 95% CI: 1.03, 1.26), while one adjusted preeclampsia study was conducted in 

313 the United States(23) (OR: 1.21, 95% CI: 0.51, 2.87). Three adjusted studies examining other HDP-

314 asthma were conducted in Europe(13, 21, 25) (pooled OR: 1.04, 95% CI: 0.88, 1.23), while one study 

315 was conducted in Australia(12) (OR: 1.02, 95% CI: 0.95, 1.10). Both studies (with adjusted 

316 estimates) examining a preeclampsia-eczema relationship were conducted in Europe(10, 22) (Table 

317 1). 

318 Post hoc sensitivity analysis: Including one Danish cohort study with overlapping time-periods at 

319 a time did not materially change results. Adjusted OR for preeclampsia-asthma including 

320 Stokholm et al(10): 1.14 (95% CI: 1.04, 1.26 - I2=62%), including Wu et al(20): 1.15 (95% CI: 1.03, 

321 1.29 - I2=38%), and including Liu et al(19): 1.19 (95% CI: 1.12, 1.26 - I2=31%). Adjusted OR for 

322 preeclampsia-eczema including Stokholm et al(10): 1.06 (95% CI: 0.98, 1.14 - I2=0%), and 

323 including Wu et al(20): 1.01 (95% CI: 0.80, 1.27 - I2=0%).

324 Excluding the other HDP-asthma study with follow-up over 18 years of age did not materially 

325 change results(21): (other HDP-asthma: OR 1.02, 95% CI: 0.96, 1.09 - (I2=0%)). All other studies 

326 included in the meta-analyses were followed-up for <18 years (preeclampsia-asthma: OR 1.14, 

327 95% CI: 1.04, 1.26 - (I2=62%)), (preeclampsia-eczema: OR 1.06, 95% CI: 0.98, 1.14 - (I2=0%)) 

328 (see Table 1 for a summary of results).

329 Excluding the large registry based cohort studies among preeclampsia-asthma studies(7, 10, 24) (and 

330 therefore examining a preeclampsia-asthma relationship among studies that used parent-reported 

331 measures to determine a diagnosis of asthma(13, 22, 23, 25)) resulted in an OR of 1.08 (95% CI: 0.78, 

332 1.48) (Table 1 and Appendix 7, eFigure 1). 

333

334

335

336 Narrative Synthesis Results

337 Food allergies and allergic rhinitis: As the systematic search identified only one study exploring 

338 the association between HDP and food allergies(10) and three studies exploring the association 

339 between HDP and allergic rhinitis(10, 21, 22), meta-analyses were not conducted for these outcomes. 

340 The one identified study that investigated food allergies(10) reported a positive association between A
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341 preeclampsia and food allergies in offspring: adjusted estimate 1.21 (95% CI: 1.05, 1.39). This 

342 same study(10) also examined allergic rhinitis and reported a positive association between 

343 preeclampsia and allergic rhinitis: adjusted estimate 1.14 (95% CI, 1.05, 1.24). A second study 

344 which examined preeclampsia-allergic rhinitis (stratified by mild/moderate and severe 

345 preeclampsia)(22) reported an adjusted OR of 1.21 (95% CI: 0.70, 2.07) for mild/moderate 

346 preeclampsia and 2.10 (95% CI: 0.86, 5.11) for severe preeclampsia. Finally, one study examined 

347 other HDP-allergic rhinitis(21), resulting in an adjusted OR of 1.42 (95% CI: 0.84, 2.40). A 

348 summary of these studies can be found in Appendices 5 and 6.

349

350 Bias and Heterogeneity

351 Visual assessment of the funnel plot did not indicate presence of publication bias (Appendix 8, 

352 eFigure 2). There was substantial heterogeneity among preeclampsia-asthma studies (I2=62%) and 

353 low heterogeneity among studies that include other HDP and asthma (I2=0%) based on adjusted 

354 estimates. Similarly, there was low heterogeneity among preeclampsia-eczema studies (I2=0%). 

355 Heterogeneity between preeclampsia-asthma studies was possibly due to the larger registry based 

356 cohort studies as heterogeneity was reduced to 0% these were excluded(7, 10, 24) (Appendix 7, 

357 eFigure 1). In addition to this, it is possible that varying methods of exposure and outcomes 

358 measures (as outlined in Appendix 3) may have resulted in clinical/methodological sources of 

359 heterogeneity. For example, the I2 among preeclampsia-asthma studies that use parent-reported 

360 measures(13, 22, 23, 25) to determine a diagnosis of asthma was 0% (Appendix 7, eFigure 1). The 

361 majority of studies were classified as ‘low’ or ‘low-moderate’ risk of bias (Appendices 9-12). 

362 GRADE certainty of findings were low to very low (Appendix 13).

363

364

365

366

367

368

369

370

371

372 A
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373

374

375

376

377

378

379

380

381

382

383

384

385 Discussion

386 The objective of this systematic review and meta-analysis was to investigate the association 

387 between HDP and asthma, eczema, food allergy and allergic rhinitis in offspring, yielding three 

388 principal findings.

389 First, the adjusted pooled estimate suggested that preeclampsia was associated with a 14% 

390 increase in the likelihood of asthma compared to those unexposed to preeclampsia (OR: 1.14, 95% 

391 CI: (1.04, 1.26), while the adjusted pooled estimate examining the other HDP-asthma relationship 

392 produced an OR of 1.02 (95% CI: 0.96, 1.09). It was proposed by Stokholm et al(10) that the in 

393 utero exposure to excessive inflammation associated with preeclampsia could be leading to the 

394 preeclampsia-asthma association, proposing that the skewed distribution of T cells in preeclamptic 

395 women could increase IgE levels in offspring, thus increasing the risk of asthma(10). This may 

396 partly explain why an association was observed between preeclampsia-asthma, and not other 

397 HDP-asthma. Furthermore, fetal growth restriction, which is now included in the definition of 

398 preeclampsia, as per ISSHP guidelines(4), may also play a role and has been linked to an increased 

399 risk of asthma in previous literature(28).  

400 Second, the adjusted pooled estimate examining a preeclampsia-eczema relationship produced an 

401 OR of 1.06 (95% CI: 0.98, 1.14). However, only two studies (conducted on different populations 

402 without overlapping time-periods) were identified for inclusion in the meta-analysis(10, 20, 22), 

403 highlighting the paucity of research measuring this association. A
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404 Third, there was a dearth of literature supporting an association between HDP and food allergies 

405 and HDP and allergic rhinitis. Only one publication was identified exploring the relationship 

406 between preeclampsia and food allergy(10). This study reported an OR of 1.21 (95% CI: 1.05, 1.39) 

407 and proposed that the risk of food allergy increased as the duration of exposure to preeclampsia 

408 was extended(10). Given the increasing prevalence of childhood onset food allergies(29), it is timely 

409 that further research in this area is initiated. Finally, only three studies were identified exploring 

410 the association between HDP and allergic rhinitis(10, 21, 22). All three studies reported a positive 

411 association between HDP and allergic rhinitis (with effect estimates ranging from 1.14 to 2.10, 

412 and results of two of these studies spanning the null value(21, 22)) citing the involvement of an 

413 inflammatory response involving a skewed distribution of T cells in the preeclamptic women as 

414 the potential biological mechanism(10, 22). However, further research is warranted to further 

415 investigate if such an association exists, and if so, what biological mechanisms are involved. 

416

417 Strengths and Limitations

418 This systematic review contains several strengths. A thorough search of four relevant electronic 

419 databases was conducted, supplemented by manually reviewing the reference lists of the eligible 

420 studies for further suitable studies. Each process of the systematic review was carried out by two 

421 independent reviewers and PRISMA guidelines were followed throughout(14). Finally, we 

422 attempted to contact several authors for further information to ensure data contained within the 

423 meta-analysis was as comprehensive as possible. 

424 However, this systematic review also contains several limitations. We included English-language 

425 studies only, potentially overlooking relevant, non-English language studies. We only included 

426 published, full-text articles, therefore excluding data from grey literature or conference 

427 proceedings. Furthermore, as the full search strategy may have been lacking in keywords such as 

428 “bronchial spasm” OR “bronchial hyperreactivity” OR “respiratory hypersensitivity”, we 

429 conducted a post-hoc search of PubMed, adding these words to the search strategy. While this 

430 increased the number of hits retrieved, no new relevant studies were identified in the process. The 

431 small number of published studies also limited this review. While visual assessment of the funnel 

432 plot of preeclampsia-asthma studies did not indicate the presence of publication bias, it was not 

433 feasible to generate a funnel plot for other HDP-asthma or preeclampsia-eczema due to the limited 

434 number of published studies. In addition, it is important to note that the reported positive 

435 association between preeclampsia and asthma should be considered with caution given that only A
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436 seven studies were included in the meta-analysis, and a high degree of heterogeneity was reported 

437 (I2 =62%).

438 Studies included in this systematic review also contain some limitations. For example, while the 

439 majority of studies were classified as ‘low’ or ‘low-moderate’ risk of bias, GRADE certainty of 

440 findings were low to very low, indicating that the true effect may be different from the estimated 

441 effect(16). Furthermore, while the majority of studies attempted to control for confounding in their 

442 analysis phase, residual or unmeasured confounding cannot be ruled out in observational 

443 studies(30). Selection of potential confounders varied in each study and were identified from 

444 existing literature or the research team’s knowledge of the subject, however only one study 

445 appears to have aided the selection of confounders using a directed acyclic graph(25). It is 

446 important to acknowledge that some of the factors controlled for, as potential confounders, could 

447 in fact be potential mediators of the HDP-atopic disorder association. For example, eight studies 

448 controlled for a combination of mode of delivery, gestational age and birthweight, which may 

449 have biased results towards the null and thus, should be interpreted with caution(10-12, 20-23, 25, 31). 

450 All studies with adjusted estimates considered maternal age and infant sex as potential 

451 confounders. Seven of the 13 eligible asthma studies recognised the potential confounding role of 

452 maternal asthma(7, 10, 19, 21, 22, 24, 25), while maternal smoking was also identified as a potential 

453 confounder in seven studies(7, 10, 13, 19, 21, 22, 25), with the majority of these studies attenuating 

454 towards the null when adjusted(7, 10, 13, 19, 21, 22). However, exposure to certain environmental factors 

455 during pregnancy, which may be associated with asthma development could also be considered as 

456 potential confounders. Such factors include exposure to traffic pollution, antibiotic use and viral 

457 infection(32). The former was not considered in any of the included studies, while antibiotic use 

458 was adjusted for in two studies(10, 21), and viral infection was considered as a confounder in only 

459 one study(24). 

460 Additionally, few studies included data on severity of preeclampsia or other HDP(11, 20, 22), and 

461 were limited by small sample sizes (as fewer than ten cases of asthma were exposed to severe 

462 preeclampsia in one study)(22), and residual confounding (as confounders were not adjusted for 

463 when examining preeclampsia-asthma specifically in a separate study)(11). Finally, the role of 

464 antihypertensive medication used during pregnancy should be explored in order to determine its 

465 potential impact on the development of atopic disorders in offspring(33). 

466
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468 This systematic review and meta-analysis indicates that preeclampsia may be associated with an 

469 increased risk of asthma in the offspring, while there was no evidence for a relationship between 

470 other HDP and asthma. Further research is warranted to validate these findings and to determine if 

471 the observed relationship is causal. Insufficient published literature was available to substantiate 

472 whether an association exists between HDP and eczema, food allergy and/or allergic rhinitis. 

473 Further primary research is needed to explore these associations.

474
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Forest Plots for Studies of the Association between Preeclampsia and Asthma

Figure 2 Forest Plot for the Association of Preeclampsia with Asthma (crude estimates).

Figure 3 Forest Plot for the Association of Preeclampsia with Asthma (adjusted estimates).
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Forest Plots for Studies of the Association between other Hypertensive Disorders of 

Pregnancy (HDP) and Asthma

Figure 4 Forest Plot for the Association of other HDP with Asthma (crude estimates).

Figure 5 Forest Plot for the Association of other HDP with Asthma (adjusted estimates).
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Forest Plot for Studies of the Association between Preeclampsia and Eczema

Figure 6 Forest Plot for the Association of Preeclampsia with Eczema (adjusted estimates)
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Table 1: Meta-analyses for HDP-Asthma and HDP-Eczema
Asthma Number of studies N OR 95% CI I2

Preeclampsia (crude) 8 3919377 1.22 (1.12, 1.33) 69%

Preeclampsia (adjusted) 7 3645773 1.14 (1.04, 1.26) 62%

Other HDP (crude) 3 250104 1.09 (1.02, 1.16) 0%

Other HDP (adjusted) 4 254998 1.02 (0.96, 1.09) 0%

Study designa

Cohort (preeclampsia) 7 3645773 1.14 (1.04, 1.26) 62%

Cohort (other HDP) 4 254998 1.02 (0.96, 1.09) 0%

Locationa 

Europe (preeclampsia) 6 3644967 1.14 (1.03, 1.26) 68%

United States (preeclampsia) 1 806 1.21 (0.51, 2.87) NA

Europe (other HDP) 3 14487 1.04 (0.88, 1.23) 0%

Australia (other HDP) 1 240511 1.02 (0.95, 1.10) NA

Including one Danish cohort study at a timea

Preeclampsia 7 3645773 1.14 (1.04, 1.26) 62%

Preeclampsia 7 3492578 1.15 (1.03, 1.29) 38%

Preeclampsia 7 3217867 1.19 (1.12, 1.26) 31%

Excluding studies with >18 years of follow-upa

Preeclampsia 7 3645773 1.14 (1.04, 1.26) 62%

Other HDP 3 252379 1.02 (0.96, 1.09) 0%

Excluding the large registry based cohort studiesa

Preeclampsia 4 13699 1.08 (0.78, 1.48) 0%

Eczema Number of studies N OR 95% CI I2

Preeclampsia (adjusted) 2 1699663 1.06 (0.98, 1.14) 0%

Study designa

Cohort (preeclampsia) 2 1699663 1.06 (0.98, 1.14) 0%

Locationa

Europe (preeclampsia) 2 1699663 1.06 (0.98, 1.14) 0%

Including one Danish cohort study at a timea

Preeclampsia 2 1699663 1.06 (0.98, 1.14) 0%

Preeclampsia 2 1546468 1.01 (0.80, 1.27) 0%

Excluding studies with >18 years of follow-upa

Preeclampsia 2 1699663 1.06 (0.98, 1.14) 0% 
aIncludes all studies that adjusted for confounders in the analysis phase.
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Appendix 1: Protocol for Systematic Review 

 

Aim 

Synthesise the available published literature on the relationship between hypertensive disorders 

of pregnancy (HDP) and atopic disorders in the offspring in the form of a systematic review 

and meta-analysis.   

 

Review Question 

Are HDP associated with an increased risk of asthma, eczema, food allergies and/or allergic 

rhinitis in offspring? 

 

PICO 

Population:  
Pregnant women and their children 

Exposure: HDP  

Primary exposure: preeclampsia 

Secondary exposures: other HDP 

Comparison: No preeclampsia/no HDP 

Outcomes 

Outcome 1: Asthma 

Outcome 2: Eczema 

Outcome 3: Food allergies 

Outcome 4: Allergic rhinitis 

 

Methods and Design 

This systematic review and meta-analysis will follow the Preferred Reporting Items for 

Systematic Reviews and Meta Analyses (PRISMA) guidelines. 

 

Inclusion Criteria 

 Peer-reviewed, English language cohort, case-control or cross-sectional published 

studies where a HDP diagnosis was reported and the outcome of interest was a 

childhood atopic disease (asthma, eczema, food allergies and/or allergic rhinitis). 

 Examining the association between HDP and atopic disease in the offspring must be 

part of the main objective of the study. 

 Diagnosis of HDP can be measured through self-reporting (following doctor diagnosis) 

and/or medical records. 

 Diagnosis of asthma, eczema, food allergies and allergic rhinitis can be measured 

through maternal-reporting/self-reporting (following doctor diagnosis) and/or medical 

records and/or clinical diagnosis and/or skin prick/blood test. 

 Only studies with original data will be included. 

Exclusion Criteria 

 Studies in languages other than English. 

 Non-human research studies. 

 Conference proceedings, case series, case reports, expert opinions, editorials and 

narrative reviews. 

 

Search strategy 

1. NC and GMM will search four electronic bibliographic databases:  

PubMed, Embase, Web of Science and CINAHL. 
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Boolean Logic (AND/OR/NOT) will be applied. For example, (“Pre-eclampsia” OR 

“hypertensive disorders of pregnancy”) AND (“asthma” OR “eczema” OR “food 

allergy” OR “allergic rhinitis”). The full search strategy is included in Appendix 2. 

2. The above electronic search strategy will be supplemented by hand-searching the 

reference lists of the eligible studies for additional relevant studies. 

 

Selection of studies for inclusion  

Endnote reference manager software will be used to store the titles and abstracts of all studies 

retrieved using the above search strategy. NC and GMM will review the titles and abstracts for 

eligibility and full texts will be sourced where necessary to determine eligibility (in compliance 

with the previously outlined inclusion and exclusion criteria).  

 

Data extraction and management 

NC and SAK will extract data from the eligible studies using a standardised data collection 

form. Data collected will include author, publication year, data source, study design, region, 

study period, sample size, how both exposure and outcome were diagnosed, any confounders 

adjusted for, matching factors and the overall result. 

 

Quality assessment of included data 

A bias classification tool will be used to assess the quality of the included studies. This checklist 

will be used to rate the six most common types of bias for observational studies (selection, 

exposure, outcome, analytic, attrition and confounding) as either minimal, low, moderate or 

high. An overall likelihood of bias based on the total of the six types of bias will be reported. 

 

Statistical analysis 

Review Manager software (RevMan 5.3) will be used to complete the meta-analysis (where 

possible). If the data permits, meta-analyses will be conducted to calculate overall pooled 

estimates between HDP (preeclampsia and other HDP) and asthma, eczema, food allergies 

and/or allergic rhinitis. Both crude and adjusted results will be presented (if possible) using the 

generic inverse variance method. Heterogeneity will be assessed using the I2. A random-effects 

model will be used to calculate pooled odds ratios with 95% confidence intervals. 

Subgroup/sensitivity analyses will be performed according to study design and location. If 10 

or more studies are incorporated into the meta-analysis, publication bias will be measured using 

a funnel plot. 

 

Presenting the results 

A flow diagram will be used to present the study selection process including detail about why 

studies are excluded. Forest plots will be used to present the pooled estimates. 
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Appendix 2: Search Strategy (for each electronic database to be searched) 
Search terms: For PubMed (inception - April 21, 2020) LIMIT: humans 

1. pre-eclampsia 

2. pre eclampsia 

3. preeclampsia 

4. gestational hypertension 

5. hypertensive pregnancy disorder 

6. hypertensive disorders of pregnancy 

7. pregnancy induced hypertension 

8. pregnancy-induced hypertension 

9. pregnancy hypertension 

10. toxaemia 

11. toxemia 

12. perinatal complication* 

13. prenatal complication* 

14. obstetric complication* 

15. [#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14] 

16. allergy 

17. allergic sensitization 

18. hypersensitivity 

19. atopy 

20. atopic 

21. asthma 

22. lung function 

23. eczema 

24. atopic dermatitis 

25. allergic rhinitis 

26. allergic rhinoconjunctivitis 

27. food allergy 

28. food allergies 

29. [#16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 or #27 or #28] 

30. [#15 and #29] 
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Appendix 3: Summary of Characteristics of Asthma Studies Included 
Study Data source Study 

design 

Region,  

study 

period 

Sample size Diagnosis 

of HDP 

Outcome Assessment 

method of 

outcome 

Confounders 

adjusted 

Matching 

factors 

Confounders 

identified? 

Results 

Nahum 

Sacks 

et al, 

2020 

Soroka 

University 

Medical 

Center, 

Israel 

Cohort Israel, 

1991 - 

2014 

N= 253,808 PE from 

hospital 

records: 

severity 

was 

classified 

according 

to 

guidelines 

of the 

National 
High 

Blood 

Pressure 

Education 

Program 

Asthma 

from 0-18 

years of 

age 

Hospital 

records (ICD-

9) 

Gestational 

diabetes, 

maternal age, 

gestational 

age, 

and length of 

follow up (for 

respiratory 

disease only) 

N/A Expert 

knowledge 

cOR=1.22 

(1.02, 1.45) 

(combined for 

mild, severe 

PE and 

eclampsia) 

Mirzak

hani et 

al., 

2019 

VDAART 

(Vitamin D 

Antenatal 

Asthma 

Reduction 

Trial) 

Cohort Three 

clinical 

sites across 

the United 

States 

N=806 PE from 

medical 

records, 

validated 

by  

obstet-

ricians; 
according 

to ACOG 

criteria 

Child 

asthma by 

3 years. 

Parental report 

of 

physician’s 

diagnosis of 

asthma 

(question-

naire) 

Trial arm, 

parity, 

maternal age, 

race, BMI at 

first 

appointment, 

gestational age 
at delivery, 

gestational 

diabetes, mode 

of delivery, 

child sex, 

child 

birthweight, 

study center, 

annual 

household 

income, 

N/A Stepwise 

multivariable 

analysis 

Association 

between PE 

and asthma (in 

mother’s 

without 

asthma): 

cHR: 1.89 
(0.85, 4.19) 

aHR: 1.21 

(0.51, 2.91) 
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maternal 

marital and 

educational 

status, 

maternal 

partner’s 
asthma status, 

and plasma 

25-hydroxy 

vitamin D at 

enrolment 

Wil-

mink et 

al., 

2018 

Generation 

R Study 

Cohort Rotterdam, 

the Nether-

lands, 

births from 

April 2002 

- January 

2006 

N=4,894 GH and PE 

diagnosed 

according 

to ISSHP 

and ACOG 

criteria 

Asthma at 

10 years of 

age 

Spirometry: 

according to 

American 

Thoracic 

Society/ 

European 

Respiratory 

Society & 
Physician 

diagnosed 

asthma using 

parental 

questionnaire 

Offspring 

gender, 

maternal age, 

maternal 

ethnicity, pre-

pregnancy 

body 

mass index, 
educational 

level, 

nulliparity, 

smoking 

habits during 

pregnancy, 

and folic acid 

use  

N/A 

 

Literature and 

if the effect 

estimate of the 

unadjusted 

analyses 

changed 

⩾10% when 
additionally 

adjusted for a 

covariate 

GH: 

aOR=0.99 

(0.57, 1.73) 

PE:  

aOR=0.80 

(0.32, 2.01) 

Pesce 

et al., 

2017 

Viadana 

Study 

Cohort Viadana, 

Italy,  

2007-2012 

For asthma 

analysis: 

N=2,619 

 

Hyper-

tension or 

PE self-

reported 
through 

question-

naire 

Asthma at 

≥6 years 

Parental 

reporting 

through 

questionnaire: 
Answering 

Yes to: “Has 

you child ever 

had asthma?” 

and answering 

yes to either: 

“Has your 

child had an 

Sex and age of 

child, person 

who filled in 

questionnaire, 
parental 

smoking, 

nationality, 

parental 

education, 

family history 

of asthma, 

maternal 

N/A Expert 

knowledge 

cOR=1.05 

(0.45, 2.44) 

aOR=0.97 

(0.37, 2.51) 
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attack of 

asthma in the 

last 12 

months?” or 

“In the last 12 

months, has 
your child 

used 

medicines in 

the wheezing 

in his/her 

chest or for 

asthma?” 

smoking 

during 

pregnancy, 

maternal age 

at delivery, 

breastfeeding, 
caesarean 

section, 

gestational 

age, 

birthweight,  

maternal use 

of antibiotics 

or paracetamol 

during 

pregnancy 

Stokhol

m et 

al., 
2017 

A)  

Copenhagen 

Prospective 
Studies on 

Asthma in 

Childhood 

2000  

(COPSAC 

2000) 

 

B) Registry 

based: 

Danish 

Medical 
Birth 

Registry,   

Danish 

Register of 

Causes of 

Death  

Danish 

National 

A) 

Cohort 

 
B) 

Registry-

based 

cohort 

A) 

Denmark, 

1998–2001 
 

B) 

Denmark, 

1978 - 

2011 

A) 

N=411 

 
B) 

N=1,698,638 

 

 

 

 

 

A)  

PE from 

personal 
interview 

validated 

against 

registry 

infor-

mation 

 

B)  

PE from  

Danish 

National 
Patient 

Registry 

using ICD-

8 and ICD-

10 coding 

A) Asthma 

at 7 years 

of age 
 

B)  

Asthma at 

7 years of 

age 

A) Clinical 

diagnosis 

(when a child 
fulfilled all of 

the following 

criteria: (1) 

recurrent 

wheeze, (2) 

symptoms 

judged by the 

COPSAC 

pediatricians 

to be typical 

of asthma (3) 
in need of 

intermittent 

rescue use of 

inhaled b2-

agonist; (4) 

improvement 

of symptoms 

during a 3-

month trial of 

A) Offspring 

gender, 

maternal age 
maternal 

smoking, 

antibiotic use 

in pregnancy, 

gestational 

age, 

birthweight, 

delivery by 

caesarean 

section, cat 

and dog 
exposure, 

older children, 

paternal 

asthma, 

allergy or 

eczema, 

household 

income, and 

maternal 

N/A Expert 

knowledge 

A) 

aOR=1.13 

(0.31, 4.13) 
 

B)  

cIRR=1.27 

(1.23, 1.31) 

aIRR=1.09 

(1.05, 1.12) 
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Patient 

Registry 

inhaled 

corticosteroids 

(ICS) and 

relapse after 

end treatment) 

and 
spirometry at 

age 1 months 

and 7 years. 

 

B) Danish 

National 

Patient 

Registry using 

ICD-8 and 

ICD-10 

coding 

education 

 

B) Age and 

calendar year, 

birthweight, 

gestational 
age, sex, mode 

of delivery, 

parity, 

multiple 

births, season 

of birth, 

maternal age, 

and mother’s 

disease 

Mag-

nus et 
al., 

2016 

A) Medical 

Birth 
Registry of 

Norway, the 

Norwegian 

Prescription 

Database, 

the 

Norwegian 

Education 

Database 

 

B) 
Norwegian 

Mother and 

Child Cohort 

Study 

(MoBa) 

A) 

Registry-
based 

cohort 

 

B) Pros-

pective 

cohort 

A)  

Norway, 
all births 

from  

January 

1999 - July 

2006 

 

B) 

Norway,  

births from 

January 

2000 -
March 

2006 

A) 

N= 406,907 
 

B)  

N=45,028 

PE from  

Medical 
Birth 

Registry 

Asthma at 

7 years of 
age 

 

 

 

 

A child was 

defined as 
having asthma 

at 7 years if 

there was at 

least one 

dispensed 

prescription 

for asthma 

medications in 

the past 12 

months, in 

addition to at 
least one 

second 

dispensed 

prescription 

within the 12 

months after 

the first in the 

Norwegian 

Maternal age,  

parity 
maternal 

education, 

maternal 

asthma, 

maternal 

smoking 

during 

pregnancy, 

offspring 

gender  

(and maternal 
BMI – MoBa 

study only) 

Case-

sibling 
matching 

Expert 

knowledge 
 

A)  

cRR=1.37 
(1.2, 1.47); 

aRR=1.29 

(1.19, 1.39) 

 

B)  

cRR=1.33 

(1.11, 1.60); 

aRR=1.19 

(0.99, 1.44) 
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Prescription 

Database. 

(and maternal 

reporting for 

MoBa study)   

Shahee

n et al., 
2016 

 

Avon 

Longitudinal 
Study of 

Parents and 

Children 

Cohort Avon, UK,  

April 1991 
– 

December 

1992 

Asthma at 7 

years: 
N=6,974 

 

HDP 

defined 
based on 

ISSHP 

criteria 

(GH, PE, 

CH) 

Asthma at 

7 years of 
age 

 

Children were 

defined as 
having current 

doctor-

diagnosed 

asthma at 7.5 

years (primary 

outcome of 

interest) if 

mothers 

responded 

positively to 

the question 

‘Has a doctor 
ever actually 

said that your 

study child has 

asthma?’ and 

positively to 

one/two 

questions on 

wheezing and 

asthma in the 

past 12 

months. 

Offspring 

gender, 
maternal 

asthma, pre-

pregnancy 

BMI, maternal 

age, parity, 

educational 

qualifications, 

twin 

pregnancy, 

ethnicity, 

maternal 

smoking, 
gestational age 

and 

birthweight 

N/A Existing 

literature and 
directed 

acyclic graph 

Asthma at 7 

years: 
GH:  

cOR=1.08 

(0.91, 1.28) 

aOR=1.05 

(0.88, 1.25);  

 

PE: 

cOR=1.23 

(0.81, 1.86)  

aOR=1.23 

(0.80, 1.88);  

CH:  
cOR=1.39 

(1.05, 1.85) 

aOR=1.34  

(1.00, 1.79) 

Liu et 
al., 

2015 

Danish 
Medical 

Birth 

Registry, 

Danish 

National 

Patient 

Register, 

Danish 

A) 
Nested 

case-

control &  

B) case 

sibling 

study 

Denmark, 
all births 

from 1993 

- 2007 

A) 
N=1,270,732 

 

B) 

N=147,312 

PE from 
Danish 

National 

Patient 

Register 

(using 

ICD-8 and 

ICD-10 

coding) 

Asthma at 
3–17 years 

of age 

Danish 
National 

Patient 

Register and 

the Danish 

National 

Prescription 

Registry using 

ICD-10 codes 

Parity, 
maternal age,  

maternal 

social status 

at birth, 

maternal 

smoking 

during 

pregnancy, 

1) 10 
individuals 

of same 

gender 

born on the 

same day  

2) case-

sibling 

match 

Expert 
knowledge 

A) 
cIRR=1.25 

(1.21, 1.30) 

aIRR=1.19 

(1.15, 1.24) 

 

B)  

cIRR=1.07 
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National 

Prescription 

Registry 

and defined as 

1st  

hospital-

ization, 

outpatient 

contact or first 
anti-asthmatic 

drugs 

maternal 

asthma, 

maternal 

country of 

birth, 

offspring 
gender and 

year 

of birth  

 aIRR=1.06 

(0.98, 1.14) 

Byberg 

et al., 

2014 

 

Stavanger 

study - 

Medical 

Birth 

Registry of 

Norway 

 

Cohort 

 

Norway, 

1993-1995 

Wave 1: 

N=1,025 

 

Wave 2: 

N=617 

 

PE from  

Medical 

Birth 

Registry 

and 

verified 

with 

hospital 

records 

Asthma at 

10-13 

years of 

age  

 

Wave 1: 

Maternal 

reporting: The 

mothers were 

asked: “Has 

your child 

ever had 

asthma 

(diagnosed by 

physician)?” 
Wave 2: 

Self-reported 

asthma 

symptoms, 

and asthma 

medication 

and lung 

function 

measure 

(spirometry) 

Gender, 

birthweight 

z-score for 

gestational 

age, parity, 

maternal 

smoking 

during 

pregnancy, 

maternal age 
at birth, 

caesarean 

section, 

gestational 

age, maternal 

BMI and 

maternal 

asthma  

1) the next 

delivery in 

the 

hospital  

2) the next 

delivery 

matched 

on 

maternal 

age 

Covariates 

significant at 

the 5% level 

as well as 

gender and 

maternal 

asthma as 

these were 

considered 

biologically 
important 

Wave 1: 

Mild PE: 

aOR=0.87 

(0.38, 1.97); 

Severe PE: 

aOR=0.72 

(0.19, 2.77); 

Combined 

mild and 

severe PE  
(using 

RevMan)  

cOR=1.13  

(0.87, 1.46) 

aOR=0.83 

(0.41, 1.67) 

 

Wave 2: 

Mild PE:  

aOR=1.11 

(0.45, 2.73)  
severe PE: 

aOR=0.69 

(0.15, 3.18); 

Combined 

mild and 

severe PE 

(using 

RevMan)  
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cOR=1.07 

(0.74, 1.55) 

aOR=0.98  

(0.45, 2.13) 

Algert 

et al., 

2011 

New South 

Wales 

(NSW) birth 
records and 

hospital 

admissions 

 

Cohort  Australia 

(2001-

2003) 

N= 240,511 Maternal 

hyper-

tension  
(including 

CH and 

GH) 

assessed 

from 

discharge 

summaries 

or birth 

records 

Admission 

with 

asthma 
between 

2nd and 

5th 

birthday 

Admission 

was counted 

as an asthma-
related 

admission 

if a discharge 

record 

contained 

(ICD-10) code 

for asthma, 

from public 

and private 

hospital 

admissions 

in NSW 

Maternal 

asthma, 

maternal age, 
parity, 

smoking 

during 

pregnancy, 

urban area 

resident, 

socioeconomic 

status, season 

of birth, 

maternal 

diabetes, 

urinary tract 
infection, pre-

labor rupture 

of membranes, 

induction, c-

section, infant 

sex, 

gestational 

age, 

small/large for 

gestational 

age, 
respiratory 

distress 

syndrome, 

transient 

tachypnea of 

newborn, 

jaundice 

and/or 

phototherapy, 

N/A Expert 

knowledge 

cOR=1.09 

(1.02, 1.17) 

 
aOR=1.02 

(0.95, 1.11) 
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neonatal 

bacterial 

sepsis 

Wu et 

al., 

2009 

Danish 

Civil 

Registration 

System 

Cohort Denmark 

(1978-

2004) 

N=1,545,443 Data on PE 

and 

eclampsia 

obtained 
from the 

Danish 

National 

Hospital 

Register, 

using ICD-

8 and ICD-

10 coding 

Asthma 

(up to 27 

years 

follow-up)  

Hospital-

ization among 

offspring 

obtained from 
the Danish 

National 

Hospital 

Register using 

ICD coding 

Sex of child, 

gestational 

age, parity, 

maternal age, 
maternal 

education, 

marital status 

at birth of 

child and 

calendar year 

N/A Expert 

knowledge 

Born at term: 

aRR=1.2  

(1.1, 1.2); 

Born preterm: 
aRR=0.9  

(0.9, 1.0); 

Combined 

(using 

RevMan) 

aOR=1.04 

(0.79, 1.38) 

Nafstad 

et al., 

2003 

Medical 

Birth 

Registry of 

Norway, 

National 
Insurance 

Administrati

on Register 

(NIAR) 

Cohort Norway, 

1967–1993 

N=1,526,529 PE from  

Medical 

Birth 

Registry 

using ICD-
8 coding) 

Severe 

asthma up 

to age 8 

years of 

age 

Diagnosed by 

physician and 

registered on 

the NIAR 

using ICD-7 
and ICD-9 

coding 

Offspring 

gender, 

hyperemisis, 

maternal age, 

maternal 
education, 

birth order, 

year of birth, 

plurality, 

single parent 

family, death 

or emigration 

during the 

study period, 

geographical 

district of 
birth, maternal 

atopy, diabetes 

mellitus, lower 

respiratory 

tract 

infections, and 

other maternal 

infections 

N/A Expert 

knowledge 

cOR=1.03 

(0.93–1.14) 

 

aOR=1.08 

(0.97–1.19) 
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during 

pregnancy, 

pregnancy 

complications 

McKee

ver et 

al., 
2002 

West 

Midlands 

General 
Practice 

Research 

Database 

Cohort  UK  

(1988- 

1999) 

N=24,690 Eclampsia 

(Oxford 

Medical 
Informatio

n System 

and Read 

codes) 

Asthma in 

childhood  

Oxford 

Medical 

Information 
System 

(derived from 

ICD-8) 

No N/A N/A cHR=1.16 

(0.84, 1.59) 

Abbreviations: PE=preeclampsia, BMI=body mass index, cOR=crude odds ratio, aOR=adjusted odds ratio, ICD=international classification of diseases, cIRR=crude incidence rate 

ratio, aIRR=adjusted incidence rate ratio, cRR=crude relative risk, aRR=adjusted relative risk, HDP=hypertensive disorders of pregnancy, ISSHP=International Society for the Study 

of Hypertension in Pregnancy, GH=gestational hypertension, CH=chronic hypertension, ACOG=American College of Obstetricians and Gynecologists, cHR=crude hazard ratio, 

aHR=adjusted hazard ratio 
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Appendix 4: Summary of Characteristics of Eczema (Atopic Dermatitis) Studies Included 
Study Data source Study 

design 

Region,  

study 

period 

Sample 

size 

Diagnosis 

of HDP 

Outcome Assessment 

method  of 

outcome 

Confounders 

adjusted 

Matching 

factors 

Confounders 

identified? 

Results 

Stokholm 

et al., 

2017 

 

A)  

Copenhagen 

Prospective 

Studies on 

Asthma in 

Childhood2000  

(COPSAC2000) 

 

B) Registry 
based: Danish 

Medical Birth 

Registry,   

Danish 

Register of 

Causes of 

Death  Danish 

National 

Patient 

Registry 

A) 

Cohort 

 

B) 

Registry-

based 

cohort 

A) 

Denmark 

1998-

2001 

 

B) 

Denmark 

1978- 

2011 

A) 

N=411 

 

B) 

N= 

1,698,638 

 

 

 
 

 

A) PE from 

personal 

interview 

validated 

against 

registry 

information 

 

B) PE from  
Danish 

National 

Patient 

Registry 

using ICD-

8 and ICD-

10 coding 

Eczema 

at 7 years 

of age 

A) Clinical 

diagnosis:  
eczema was 

based on the 

criteria of 

Hanifin and 

Rajka, 

requiring 

the presence 
of three of 

four major 

criteria and 

at least 3 of 

23 minor 

criteria 

 

B)  Danish 

National 

Patient 

Registry 
using ICD-8 

and ICD-10 

coding 

A) Offspring 

gender, 

maternal age 

maternal 

smoking, 

antibiotic use 

in pregnancy, 

gestational 

age, 
birthweight, 

delivery by 

caesarean 

section, cat 

and dog 

exposure, 

older 

children, 

paternal 

asthma, 

allergy or 
eczema, 

household 

income, and 

maternal 

education 

 

B) Age and 

calendar 

year, 

birthweight, 

gestational 

age, sex, 
mode of 

delivery, 

parity, 

multiple 

N/A Expert 

knowledge 

A) 

aOR=1.84 

(0.67, 5.10) 

 

B)  

cIRR=1.09 

(1.01, 1.17) 

aIRR=1.06 

(0.98, 1.14) 
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births, season 

of birth, 

maternal age, 

and mother’s 

disease 

Byberg et 

al., 2014  

Stavanger 

study - 
Medical Birth 

Registry of 

Norway 

Cohort Norway 

1993-
1995 

Wave 1: 

N=1,025 
(data on 

eczema is 

available 

from 1st 

wave 

only) 

 

 

 

PE from  

Medical 
Birth 

Registry 

and verified 

with 

hospital 

records 

Atopic 

derma-
titis at 

10-13 

years of 

age 

Maternal-

reporting:  
The mothers 

were asked: 

“Has your 

child ever 

had atopic 

dermatitis 

(childhood 

eczema)?” 

Gender, 

birthweight 
z-score for 

gestational 

age, being 

firstborn, 

maternal 

smoking 

during 

pregnancy, 

maternal age 

at birth, 

caesarean 

section, 
gestational 

age, maternal 

BMI and 

maternal 

asthma  

1) the 

next 
delivery 

in the 

hospital  

2) the 

next 

delivery 

matched 

on 

maternal 

age 

 

Covariates 

significant at 
the 5% level 

as well as 

gender and 

maternal 

asthma as 

these were 

considered 

biologically 

important 

Mild PE: 

aOR=0.90 
(0.54, 1.50); 

Severe PE: 

aOR=0.97 

(0.39, 2.39); 

Combined 

mild and 

severe PE 

(using 

RevMan)  

cOR=1.14  

(0.88, 1.48) 

aOR=0.92 
(0.59, 1.43) 

Pesce et 

al., 2014 

 

Viadana study Cross-

sectional 

Viadana, 

Italy,  

2006 

N=3,794 

 

Hyper-

tension or 

PE self-

reported 

through 

question-

naire 

Eczema 

at 3–14 

years of 

age 

Parental 

reporting 

through 

Viadana 

question-

naire:  A 

child was 
considered 

to have had 

eczema in 

case of an 

affirmative 

answer to 

the 

following 

Sex and age 

of child, 

parental 

school 

education, 

nationality, 

family 
history of 

atopic 

disorders, 

maternal 

age at 

delivery, 

foetal or 

early-life 

N/A Expert 

knowledge 

and variables 

associated 

with eczema 

prevalence at 

the 10% level 

Combined  

1st, 2nd and 

3rd trimesters 

(using 

RevMan)  

aOR=1.08  

(0.71, 1.64) 
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question: 

“Has your 

child had an 

itchy rash 

on one or 

more parts 
of the skin, 

which was 

coming and 

going for at 

least 6 

months, at 

any time in 

the past? 

exposure to 

medication, 

maternal 

stressful life 

events, 

allergens, 
pregnancy 

comp-

lications, 

maternal 

drug use 

during 

pregnancy 

and 

breastfeeding 

duration 

Wu et al., 

2009 

Danish 

Civil 

Registration 
System 

Cohort Den-

mark 

(1978-
2004) 

N= 

1,545,443 

Data on PE 

and 

eclampsia 
obtained 

from the 

Danish 

National 

Hospital 

Register,  

using ICD-

8 and ICD-

10 coding 

Eczema 

(up to 27 

years 
follow-

up) 

Hospital-

ization 

among 
offspring 

obtained 

from the 

Danish 

National 

Hospital 

Register 

using ICD 

coding 

Sex of child, 

gestational 

age, parity, 
maternal age, 

maternal 

education, 

marital status 

at birth of 

child and 

calendar 

year. 

N/A Expert 

knowledge 

Born at term: 

aRR=1.1 

(1.0–1.3); 
Born 

preterm: 

aRR=1.1 

(0.8–1.5); 

Combined 

(using 

RevMan) 

aOR=1.04 

(0.79, 1.38) 

 

 

McKeever 
et al., 

2002 

West 
Midlands 

General 

Practice 

Research 

Database 

Cohort UK  
(1988- 

1999) 

N=24,690 Eclampsia 
(Oxford 

Medical 

Information 

System and 

Read 

codes) 

Eczema  
in 

childhood 

Oxford 
Medical 

Information 

System 

(derived 

from ICD-

8) 

No N/A N/A cHR=0.96 
(0.73, 1.27) 
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Appendix 5: Summary of Characteristics of Food Allergy Studies Included 
Study Data source Study 

design 

Region,  

study 

period 

Sample 

size 

Diagnosis 

of HDP 

Outcome Assessment 

method  of 

outcome 

Confounders 

adjusted 

Matchin

g factors 

Confounder

s identified? 

Results 

Stokholm 

et al., 

2017 

 

A)  

Copenhagen 

Prospective 

Studies on 

Asthma in 
Childhood2000  

(COPSAC 

2000) 

 

B) Registry 

based: Danish 

Medical Birth 

Registry,   

Danish 

Register of 

Causes of 
Death  

Danish 

National 

Patient 

Registry 

A) 

Cohort 

 

B) 

Registry
-based 

cohort 

A) 

Denmark, 

1998–

2001 

 
B) 

Denmark, 

1978 - 

2011 

A) 

N=411 

 

B) 

N= 
1,698,638 

A) PE from 

personal 

interview 

validated 

against 
registry 

information 

 

B) PE from  

Danish 

National 

Patient 

Registry   

using ICD-8 

and ICD-10 

coding 

Food 

allergy at 

0.5, 1.5, 

4, and 6 

years of 
age 

Allergen-

specific IgE 

levels was 

measured at 

age 0.5, 1.5, 
4, and 6 

years for 16 

common 

inhalant and 

food 

allergens. 

Values of 

specific IgE 

greater than 

or equal to 

0.35 kU/L 
were 

considered 

indicative of 

allergic 

sensitization 

and was 

analyzed (1) 

any 

allergens, (2) 

food 

allergens, 
and (3) 

inhaled 

allergens.  

 

B) Danish 

National 

A) Offspring 

gender, 

maternal age 

maternal 

smoking, 
antibiotic use in 

pregnancy, 

gestational age, 

birthweight, 

delivery by 

caesarean section, 

cat and dog 

exposure, 

older children, 

paternal asthma, 

allergy or 
eczema, 

household 

income, and 

maternal 

education 

 

B) Age and 

calendar year, 

birthweight, 

gestational age, 

sex, mode of 
delivery, parity, 

multiple births, 

season of birth, 

maternal age, and 

mother’s disease 

N/A Expert 

knowledge 

A) 

aOR=2.93 

(1.19, 7.19) 

 

B) 
cIRR=1.28 

(1.11, 1.46) 

aIRR=1.21 

(1.05, 1.39) 
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Patient 

Registry  

using ICD-8 

and ICD-10 

coding 
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Appendix 6: Summary of Characteristics of Allergic Rhinitis Studies Included 
Study Data source Study 

design 

Region,  

study 

period 

Sample 

size and 

prevalence 

of 

exposure 

Diagnosis 

of HDP 

Outcome Assessment 

method  of 

outcome 

Confounder

s adjusted 

Matchin

g factors 

Confounder

s identified? 

Results 

Pesce et 
al., 2017 

Viadana 
study 

Cohort Viadana, 
Italy,  

2007-

2012 

For allergic 
rhinitis 

analysis 

N=3,323 

Hyper-
tension or 

PE self-

reported 

through 

question-

naire 

Allergic 
rhinitis at 

3–14 

years of 

age 

Parental 
reporting 

through 

question-

naire:  

Answering 

Yes to: 

“Has you 

child ever 

had any 

nasal 

allergies 

(including 
hayfever)?” 

plus “Does 

your child 

still have 

this nasal 

allergy?” 

Sex and age 
of child, 

person who 

filled in 

question-

naire, 

parental 

smoking, 

nationality, 

parental 

education, 

family 

history of 
asthma, 

maternal 

smoking 

during 

pregnancy, 

maternal age 

at delivery, 

breast-

feeding,  

caesarean 

section, 
gestational 

age, 

birthweight,  

maternal use 

of antibiotics 

N/A Expert 
knowledge 

cOR= 1.15 
(0.72, 1.82) 

aOR=1.42 

(0.84, 2.40)  
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or 

paracetamol 

during 

pregnancy 

Stokholm 

et al., 

2017 
 

A)  

Copenhagen 

Prospective 
Studies on 

Asthma in 

Childhood2000  

(COPSAC 

2000) 

 

B) Registry 

based: Danish 

Medical Birth 

Registry,   

Danish 

Register of 
Causes of 

Death  

Danish 

National 

Patient 

Registry 

A) 

Cohort 

 
B) 

Registry

-based 

cohort 

A) 

Denmark, 

1998–
2001 

 

B) 

Denmark, 

1978  - 

2011 

A) 

N=411 

 
B) 

N= 

1,698,638 

A) PE from 

personal 

interview 
validated 

against 

registry 

information 

 

B) PE from  

Danish 

National 

Patient 

Registry   

using ICD-8 

and ICD-10 
coding 

Allergic 

rhinitis at 

7 years of 
age 

A)  Allergic 

rhinitis was 

based on 
relevant 

aeroallergen 

sensitization 

and clinical 

interviews 

of the 

parents on 

history of 

significant 

nasal 

congestion, 

sneezing, 
and/or 

runny nose 

outside 

periods with 

common 

cold 

 

B)  Danish 

National 

Patient 

Registry   
using ICD-8 

and ICD-10 

coding 

 

A)  Offspring 

gender, 

maternal age 
maternal 

smoking, 

antibiotic use 

in pregnancy, 

gestational 

age, 

birthweight, 

delivery by 

caesarean 

section, cat 

and dog 

exposure, 
older 

children, 

paternal 

asthma, 

allergy or 

eczema, 

household 

income, and 

maternal 

education 

 
B) Age and 

calendar 

year, 

birthweight, 

gestational 

age, sex, 

mode of 

delivery, 

parity, 

N/A Expert 

knowledge 

A) 

aOR=4.83 

(1.58, 14.78) 
 

B) 

cIRR=1.17 

(1.08, 1.27) 

aIRR=1.14 

(1.05, 1.24) 
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multiple 

births, season 

of birth, 

maternal age, 

and mother’s 

disease 

Byberg et 
al., 2014  

Stavanger 
study - 

Medical Birth 

Registry of 

Norway 

Cohort   Norway 
1993-

1995 

Wave 1: 
N=1,025 

(data on 

allergic 

rhinitis is 

available 

from 1st 

wave only) 

 

 

PE from  
Medical 

Birth 

Registry 

and verified 

with 

hospital 

records 

Allergic 
rhinitis at 

10-13 

years of 

age 

 

Maternal-
reporting:  

The mothers 

were asked: 

“Has your 

child ever 

had allergy 

in nose/eyes 

(hayfever)?” 

Gender, 
birthweight 

z-score for 

gestational 

age, being 

firstborn, 

maternal 

smoking 

during 

pregnancy, 

maternal age 

at birth, 

caesarean 
section, 

gestational 

age, maternal 

BMI and 

maternal 

asthma  

1) the 
next 

delivery 

in the 

hospital  

2) the 

next 

delivery 

matched 

on 

maternal 

age 

Covariates 
significant at 

the 5% level 

as well as 

gender and 

maternal 

asthma as 

these were 

considered 

biologically 

important 

Mild PE: 
aOR=1.21 

(0.70-2.07); 

Severe PE, 

aOR=2.10 

(0.86-5.11); 

Combined 

mild and 

severe PE 

(using 

RevMan)  

cOR=1.14 

(0.88, 1.48) 
aOR=1.42 

(0.87, 2.31) 
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Appendix 7: Forest Plot for Studies of the Association between Preeclampsia and Asthma  

eFigure 1: Forest Plot for the Association of Preeclampsia and Asthma excluding the large 

registry based cohort studies, and therefore only including studies that used parent-reported 

measures to determine a diagnosis of asthma (adjusted estimates). 
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Appendix 8: Funnel plot of Preeclampsia-Asthma Studies 

 

eFigure 2: Funnel plot to visually assess the presence of publication bias for preeclampsia-

asthma studies 
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Appendix 9: Level of Bias in Asthma Studies 
Study Selection bias Exposure bias Outcome bias Confounding Analytic bias Attrition bias Overall risk of 

bias 

Nahum Sacks et 

al, 2020 

Moderate: Sample 

selected from 

all singleton 

newborns born in 

Soroka University 
Medical Center, 

Israel from 1991 – 

2014 

Minimal: 

Assessment of 

exposure from 

hospital records 

Minimal: 

Assessment of 

outcome from 

hospital records 

Moderate: 

Adjusted model 

for respiratory 

disease only, no 

adjustment was 
made for asthma 

Low: Sample 

size calculation 

not performed, 

but all available 

eligible patients 
studied 

Minimal: All 

subjects from 

initiation of 

study to final 

outcome 
assessment 

were accounted 

for 

Low 

Mirzakhani et al., 

2019 

 

Minimal: 

Eligibility criteria 

explained  

Minimal: 

Assessment of 

exposure from 

medical records 

and that 

was validated 

 

Minimal: 

Assessment of 

outcome from  

parental- 

reporting 

 

Low: Certain 

confounders 

assessed: race, 

maternal age, 

gestational age at 

delivery, trial 

arm, maternal 

baseline 

vitamin D, 
clinical center, 

maternal marital 

status, maternal 

education, 

maternal body 

mass index at 

first appointment, 

gestational 

diabetes, mode of 

delivery, child’s 

sex, parity, child’s 

weight at birth, 
and maternal 

partner’s asthma 

status). 

Low: Sample size 

calculation not 

performed, but all 

available 

eligible patients 

studied 

Low:  <10% 

attrition and 

reasons for loss of 

follow up not 

explained 

 

Low 

Wilmink et al., 

2018 

Low: 

Sample 

selected from 

Minimal:  

Assessment of 

exposure from 

Minimal: 

Assessment of 

outcome from  

Low: Certain 

confounders 

assessed:  

Low: Sample Minimal: All 

subjects from 

initiation of 

Low 
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cohort of pregnant 

women recruited 

for study 

blood pressure 

measurements 

cross-checked 

with hospital 

records 

parental- 

reporting and lung 

function measures 

(spirometry) 

Offspring gender, 

maternal age, 

maternal 

ethnicity, pre-

pregnancy body 

mass index, 
educational level, 

nulliparity, 

smoking habits 

during pregnancy, 

and folic acid use 

size calculation 

not performed, 

but all available 

eligible patients 

studied 

study to final 

outcome 

assessment 

were 

accounted for 

Pesce et al., 2017 

 

Low:  

Sample selected 

from large 

population but 

selection 

criteria not define 

High: 

Recall 3-14 

years after birth 

Minimal: 

Assessment of 

outcome from 

parental- 

reporting 

Low: Certain 

confounders 

assessed: Sex and 

age of child, 

person who filled 

in questionnaire, 

parental smoking, 

nationality, 
parental 

education, family 

history of asthma, 

maternal smoking 

during pregnancy, 

maternal age at 

delivery, 

breastfeeding, 

caesarean section, 

gestational age, 

birthweight,  
maternal use of 

antibiotics or 

paracetamol 

during pregnancy 

Moderate:  

Sample size 

estimation 

unclear or only 

sub-sample 

of eligible 

patients studied  

Minimal: All 

subjects from 

initiation of 

study to final 

outcome 

assessment 

were accounted 

for 

Low-Moderate 

Stokholm et al., 

2017 

A) High: Sample 

likely not 

representative 

(only mothers 

with asthma 

A) Low: 

Assessment of 

exposure from 

personal 

A) Low: 

Assessment of 

outcome from 

clinical diagnosis 

and spirometry 

Certain 

confounders 

assessed:  

A)  Low: 

Offspring gender, 

A) Low: Sample 

size calculation 

not performed, 

but all available 

eligible patients 

A) Minimal: All 

subjects from 

initiation of 

study to final 

outcome 

A) Low 

 

B) Low 
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diagnosis 

included) 

 

B) Minimal: 

Sample 

selected from 
general 

population 

rather than a 

select group 

(Sample is 

representative of 

children born in 

the Denmark from 

1978 – 2011) 

interview 

validated against 

registry 

information 

 

B) Low: 
Assessment of 

exposure from 

Danish National 

Patient Registry 

 

B) Low: 

Assessment of 

outcome from 

Danish National 

Patient Registry 

maternal age 

maternal 

smoking, 

antibiotic use in 

pregnancy, 

gestational age, 
birthweight, 

delivery by 

caesarean section, 

cat and dog 

exposure, 

older children, 

paternal asthma, 

allergy or 

eczema, 

household 

income, and 

maternal 
education 

 

B) Low: 

Age and calendar 

year, birthweight, 

gestational age, 

sex, mode of 

delivery, parity, 

multiple births, 

season of birth, 

maternal age, and 
mother’s disease 

studied 

 

B)  Low: Sample 

size calculation 

not performed, 

but all available 
eligible patients 

studied 

assessment 

were 

accounted for 

 

B)  Minimal: All 

subjects from 
initiation of 

study to final 

outcome 

assessment 

were 

accounted for 

Magnus et al., 

2016 

Low: 

A) Sample 

selected from 

general 

population 

rather than a 

select group 

(Sample is 

Low: 

Assessment of 

exposure from 

Medical Birth 

Registry of 

Norway (MBRN) 

Low:  Assessment 

from registry (and 

supplemented 

with questionnaire 

for MoBa study) 

Low: Certain 

confounders 

assessed:  

Maternal age,  

parity maternal 

education, 

maternal asthma, 

maternal smoking 

Low: Sample 

size calculation 

not performed, 

but all available 

eligible patients 

studied 

Minimal: All 

subjects from 

initiation of 

study to final 

outcome 

assessment 

were accounted 

for 

Low 



27 
 

representative of 

children born in 

the Norway from 

1999-2006) 

 

B) Sample 
selected from 

cohort of pregnant 

women recruited 

for study 

during pregnancy, 

offspring gender  

(and maternal 

BMI – MoBa 

study only) 

Shaheen et al., 

2016 

Low: Sample 

selected from 

all pregnant 

women with 

expected due 

dates from April 

1991 – December 

1992 in Avon, 

UK  

Minimal: 

Assessment from 

medical records 

by six trained 

research 

midwives 

Minimal: 

Assessment of 

outcome from  

maternal-

reporting and lung 

function measures 

(spirometry) 

Low: Certain 

confounders 

assessed:  

Offspring gender,  

maternal asthma, 

pre-pregnancy 

BMI, maternal 

age, parity, 

educational 
qualifications, 

twin pregnancy, 

ethnicity, 

maternal 

smoking, 

gestational age 

and birthweight 

Low: Sample 

size calculation 

not performed, 

but all available 

eligible patients 

studied 

Low: ~14% 

excluded from the 

analysis with 

reasons  

 

 

 

 

 
 

 

 

Low 

Liu et al., 2015 

 

Minimal: Sample 

selected from 

general 

population 

rather than a 
select group 

(Sample is 

representative of 

children born in 

the Denmark from 

1993 - 2007) 

Minimal: 

Assessment of 

exposure from 

a dataset 

previously 
validated via 

interviews 

Low: 

Assessment 

from registries 

Low: Certain 

confounders 

assessed:   Parity, 

maternal age,  

maternal social 
status 

at birth, maternal 

smoking during 

pregnancy, 

maternal asthma, 

maternal country 

of birth, offspring 

gender and year 

Minimal: 

Analyses 

appropriate for 

type of sample 

- conditional 
logistic 

regression 

Minimal: All 

subjects from 

initiation of 

study to final 

outcome 
assessment 

were 

accounted for 

Minimal  
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of birth 

Byberg et al., 

2014 

Low: Sample 

selected from 

all newborns born 

in Stavanger 

University 

Hospital in  
Norway from 

1993 – 1995 

Minimal:  

Assessment of 

exposure from the 

Medical Birth 

Registry of 

Norway verified 
with hospital 

records 

Moderate: 

Assessment of 

outcome from  

maternal- 

reporting, 

self-reporting and 
lung function 

measures 

(spirometry), 

however missing 

answers 

interpreted as 

negative 

Low: Certain 

confounders 

assessed:  Gender, 

birthweight 

z-score for 

gestational age, 
being firstborn, 

maternal 

smoking during 

pregnancy, 

maternal age at 

birth, caesarean 

section, 

gestational age, 

maternal BMI and 

maternal 

asthma 

Low: Sample 

size calculation 

not performed, 

but all available 

eligible patients 

studied 

Moderate: 

~40% lost to 

follow up 

Low-Moderate 

Algert, et al., 

2011 

Minimal: Sample 

selected from 
general 

population 

rather than a 

select group 

Low: 

Assessment of 
exposure from 

discharge 

summary 

Low: 

Assessment from 
admission 

database 

Low:  

Certain 

confounders 

assessed:  

Maternal asthma, 

maternal age, 

parity, smoking 

during pregnancy, 

urban area 

resident, 

socioeconomic 

status, season of 

birth, maternal 

diabetes, urinary 

tract infection, 

pre-labor rupture 

of membranes, 

induction, c-

section, infant 

Low: Sample 

size calculation 
not performed, 

but all available 

eligible patients 

studied 

Minimal: All 

subjects from 
initiation of 

study to final 

outcome 

assessment 

were 

accounted for 

 

Low  
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sex, gestational 

age, small/large 

for gestational 

age, respiratory 

distress 

syndrome, 

transient 

tachypnea of 

newborn, jaundice 

and/or 

phototherapy, 

neonatal bacterial 

sepsis 

Wu et al., 2009 Minimal: Sample 

selected from 
general 

population 

rather than a 

select group 

Low: 

Assessment of 
exposure from 

the Danish 

National Hospital 

Register 

Low: 

Assessment from 
the Danish 

National Hospital 

Register 

Low:  

Certain 
confounders 

assessed:  Sex of 

child, gestational 

age, parity, 

maternal age, 

maternal 

education, 

marital status at 

birth of child and 

calendar year 

Low: Sample 

size calculation 
not performed, 

but all available 

eligible patients 

studied 

Minimal: All 

subjects from 
initiation of 

study to final 

outcome 

assessment 

were 

accounted for 

Low  

Nafstad et al., 

2003 

Minimal: Sample 

selected from 
general 

population 

rather than a 

select group 

(Sample is 

representative of 

children born in 

Norway from 

1985 - 1993) 

Low: 

Assessment of 
exposure from 

Medical Birth 

Registry of 

Norway (MBRN) 

Low:  Assessment 

of outcome from 
National 

Insurance 

Administration 

Register (NIAR) 

– only includes 

severe asthma 

Low: Certain 

confounders 
assessed:   

Offspring gender, 

hyperemisis, 

maternal age, 

maternal 

education, birth 

order, year of 

birth, plurality, 

single parent 

family, death or 

Low: Sample 

size calculation 
not performed, 

but all available 

eligible patients 

studied 

Minimal: All 

subjects from 
initiation of 

study to final 

outcome 

assessment 

were accounted 

for 

Low 
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emigration during 

the study period, 

geographical 

district of birth, 

maternal atopy, 

diabetes mellitus, 
lower respiratory 

tract infections, 

and other 

maternal 

infections during 

pregnancy, 

pregnancy 

complications 
McKeever et al., 

2002 

Minimal: Sample 

selected from 

general 

population 

rather than a 
select group 

Low: 

Assessment of 

exposure from 

pregnancy record 

Low: 

Assessment from 

medical records 

Moderate:  

Not assessed for 

confounders 

Low: Sample 

size calculation 

not performed, 

but all available 

eligible patients 
studied 

Minimal: All 

subjects from 

initiation of 

study to final 

outcome 
assessment 

were 

accounted for 

Low  
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Appendix 10: Level of Bias in Eczema (Atopic Dermatitis) Studies 
Study Selection bias Exposure bias Outcome bias Confounding Analytic bias Attrition bias Overall risk of 

bias 

Stokholm et al., 

2017 

 

A) High: Sample 

likely not 

representative 

(only mothers 

with asthma 
diagnosis 

included) 

 

B) Minimal: 

Sample 

selected from 

general 

population 

rather than a 

select group 

(Sample is 

representative of 
children born in 

the Denmark from 

1978 – 2011) 

A) Low: 

Assessment of 

exposure from 

personal 

interview 
validated against 

registry 

information 

 

B) Low: 

Assessment of 

exposure from 

Danish National 

Patient Registry 

A)  Low: 

Assessment of 

outcome from 

clinical diagnosis 

 
B) Low: 

Assessment of 

outcome from 

Danish National 

Patient Registry 

Certain 

confounders 

assessed:  

A)  Low: 

Offspring gender, 
maternal age 

maternal 

smoking, 

antibiotic use in 

pregnancy, 

gestational age, 

birth weight, 

delivery by 

caesarean section, 

cat and dog 

exposure, 

older children, 
paternal asthma, 

allergy or eczema, 

household 

income, and 

maternal 

education 

 

B) Low:   

Age and calendar 

year, birthweight, 

gestational age, 
sex, mode of 

delivery, parity, 

multiple births, 

season of birth, 

maternal age, and 

mother’s disease 

A) Low: Sample 

size calculation 

not performed, 

but all available 

eligible patients 
studied 

 

B)  Low: Sample 

size calculation 

not performed, 

but all available 

eligible patients 

studied 

A) Minimal: All 

subjects from 

initiation of 

study to final 

outcome 
assessment 

were 

accounted for 

 

B)  Minimal: All 

subjects from 

initiation of 

study to final 

outcome 

assessment 

were 

accounted for 

A) Low 

 

B) Low 
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Byberg et al., 

2014 

 

Low: Sample 

selected from 

all newborns born 

in Stavanger 

University 

Hospital in  
Norway in 1993 - 

1995 

Minimal:  

Assessment of 

exposure from the 

Medical Birth 

Registry of 

Norway verified 
with hospital 

records 

Moderate: 

Assessment of 

outcome from  

maternal- 

reporting, 

however missing 
answers 

interpreted as 

negative 

Low: Certain 

confounders 

assessed:  Gender, 

birthweight 

z-score for 

gestational age, 
being firstborn, 

maternal 

smoking during 

pregnancy, 

maternal age at 

birth, caesarean 

section, 

gestational age, 

maternal BMI and 

maternal 

asthma 

Low: Sample 

size calculation 

not performed, 

but all available 

eligible patients 

studied 

Moderate: 

~40% lost to 

follow up  

Low-Moderate 

Pesce et al., 2014 Low: Sample 

included children 
living in industrial 

district of 

Viadana  

High: 

Recall 3-14 
years after birth 

Minimal: 

Assessment of 
outcome from 

parental- 

reporting 

Low: Certain 

confounders 
assessed:  Sex and 

age of child, 

parental 

school education, 

nationality, family 

history of atopic 

disorders, 

maternal 

age at delivery, 

foetal or early-life 

exposure to 
medication, 

maternal stressful 

life events, 

allergens, 

pregnancy comp-

lications, maternal 

drug use during 

pregnancy and 

Low: Sample 

size calculation 
not performed, 

but all available 

eligible patients 

studied 

Minimal: All 

subjects from 
initiation of 

study to final 

outcome 

assessment 

were accounted 

for 

Low 
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breastfeeding 

duration 

Wu et al., 2009 Minimal: Sample 

selected from 

general 

population 

rather than a 
select group 

Low: 

Assessment of 

exposure from 

the Danish 

National Hospital 
Register 

Low: 

Assessment from 

the Danish 

National Hospital 

Register 

Low:  

Certain 

confounders 

assessed:  Sex of 

child, gestational 
age, parity, 

maternal age, 

maternal 

education, 

marital status at 

birth of child and 

calendar year 

Low: Sample 

size calculation 

not performed, 

but all available 

eligible patients 
studied 

Minimal: All 

subjects from 

initiation of 

study to final 

outcome 
assessment 

were 

accounted for 

Low  

McKeever et al., 

2002 

Minimal: Sample 

selected from 

general 

population 

rather than a 

select group 

Low: 

Assessment of 

exposure from 

pregnancy record 

Low: 

Assessment from 

medical records 

Moderate:  

Not assessed for 

confounders 

Low: Sample 

size calculation 

not performed, 

but all available 

eligible patients 

studied 

Minimal: All 

subjects from 

initiation of 

study to final 

outcome 

assessment 
were 

accounted for 

Low  
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Appendix 11: Level of Bias in Food Allergy Studies 
Study Selection bias Exposure bias Outcome bias Confounding Analytic bias Attrition bias Overall risk of 

bias 

Stokholm et al., 

2017 

A) High: Sample 

likely not 

representative 

(only mothers 

with asthma 
diagnosis 

included) 

 

B) Minimal: 

Sample 

selected from 

general 

population 

rather than a 

select group 

(Sample is 

representative of 
children born in 

the Denmark from 

1978 – 2011) 

A) Low: 

Assessment of 

exposure from 

personal 

interview 
validated against 

registry 

information 

 

B) Low: 

Assessment of 

exposure from 

Danish National 

Patient Registry  

A) Low: 

Assessment of 

outcome from 

allergen 

specific IgE  
levels (skin prick 

test) 

 

B) Low: 

Assessment of 

outcome from 

Danish National 

Patient Registry  

Certain 

confounders 

assessed:  

A)  Low: 

Offspring gender, 
maternal age 

maternal 

smoking, 

antibiotic use in 

pregnancy, 

gestational age, 

birthweight, 

delivery by 

caesarean section, 

cat and dog 

exposure, 

older children, 
paternal asthma, 

allergy or eczema, 

household 

income, and 

maternal 

education 

 

B) Low:   

Age and calendar 

year, birthweight, 

gestational age, 
sex, mode of 

delivery, parity, 

multiple births, 

season of birth, 

maternal age, and 

mother’s disease 

A) Low: Sample 

size calculation 

not performed, 

but all available 

eligible patients 
studied 

 

B)  Low: Sample 

size calculation 

not performed, 

but all available 

eligible patients 

studied  

A) Minimal: All 

subjects from 

initiation of 

study to final 

outcome 
assessment 

were 

accounted for 

 

B)  Minimal: All 

subjects from 

initiation of 

study to final 

outcome 

assessment 

were 

accounted for   

A) Low 

 

B) Low 
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Appendix 12: Level of Bias in Allergic Rhinitis Studies 
Study Selection bias Exposure bias Outcome bias Confounding Analytic bias Attrition bias Overall risk of 

bias 

Pesce et al., 2017 

 

Low:  

Sample selected 

from large 

population but 

selection 
criteria not 

defined 

High: 

Recall 3-14 

years after birth 

Minimal: 

Assessment of 

outcome from 

parental- 

reporting 

Low: Certain 

confounders 

assessed: Sex and 

age of child, 

person who filled 
in questionnaire, 

parental smoking, 

nationality, 

parental 

education, family 

history of asthma, 

maternal smoking 

during pregnancy, 

maternal age at 

delivery, 

breastfeeding, 

caesarean section, 
gestational age, 

birthweight,  

maternal use of 

antibiotics or 

paracetamol 

during pregnancy 

Moderate:  

Sample size 

estimation 

unclear or only 

sub-sample 
of eligible 

patients studied  

Minimal: All 

subjects from 

initiation of 

study to final 

outcome 
assessment 

were accounted 

for 

Low-Moderate 

Stokholm et al., 

2017  

A) High: Sample 

likely not 

representative 

(only mothers 

with asthma 

diagnosis 
included) 

 

B) Minimal: 

Sample 

selected from 

A) Low: 

Assessment of 

exposure from 

personal 

interview 

validated against 
registry 

information 

 

B) Low: 

Assessment of 

exposure from 

A) Low: 

Assessment of 

outcome from 

allergen 

specific IgE  

levels (skin prick 
test) 

 

B) Low: 

Assessment of 

outcome from 

Certain 

confounders 

assessed:  

A)  Low: 

Offspring gender, 

maternal age 
maternal 

smoking, 

antibiotic use in 

pregnancy, 

gestational age, 

A) Low: Sample 

size calculation 

not performed, 

but all available 

eligible patients 

studied 
 

B)  Low: Sample 

size calculation 

not performed, 

but all available 

eligible patients 

A) Minimal: All 

subjects from 

initiation of 

study to final 

outcome 

assessment 
were 

accounted for 

 

B)  Minimal: All 

subjects from 

initiation of 

A) Low 

 

B) Low 
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general 

population 

rather than a 

select group 

(Sample is 

representative of 
children born in 

the Denmark from 

1978 – 2011) 

Danish National 

Patient Registry 

Danish National 

Patient Registry 

birthweight, 

delivery by 

caesarean section, 

cat and dog 

exposure, 

older children, 
paternal asthma, 

allergy or eczema, 

household 

income, and 

maternal 

education 

B) Low:   

Age and calendar 

year, birthweight, 

gestational age, 

sex, mode of 

delivery, parity, 
multiple births, 

season of birth, 

maternal age, and 

mother’s disease 

studied study to final 

outcome 

assessment 

were 

accounted for   

Byberg et al., 

2014 

Low: Sample 

selected from 

all newborns born 

in Stavanger 

University 

Hospital in  

Norway in 1993 – 

1995 

Minimal:  

Assessment of 

exposure from the 

Medical Birth 

Registry of 

Norway verified 

with hospital 

records 

Moderate: 

Assessment of 

outcome from 

maternal- 

reporting and 

IgE blood test, 

however missing 

answers 
interpreted as 

negative 

Low: Certain 

confounders 

assessed:  Gender, 

birthweight 

z-score for 

gestational age, 

being firstborn, 

maternal smoking 
during pregnancy, 

maternal age at 

birth, caesarean 

section, 

gestational age, 

maternal BMI and 

maternal asthma 

Low: Sample 

size calculation 

not performed, 

but all available 

eligible patients 

studied 

Moderate: 

~40% lost to 

follow up  

Low-Moderate 
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Appendix 13: GRADE Evidence Profile of all Observational Studies included in the Systematic Review 
Outcome measure No. of studies Risk of bias Imprecision Inconsistency Indirectness Publication bias Certainty of evidence 

Asthma 13 No serious risk No serious 
imprecision 

No serious 
inconsistency 

No serious 
indirectness  

Undetected Low 

Eczema 5 No serious risk Serious: effect 

estimate 

comes from 

small no. of 

studies 

No serious 

inconsistency 

No serious 

indirectness 

Inconclusive Very low 

Food allergy 1 No serious risk Serious: effect 

estimate 

comes from 

small no. of 

studies 

n/a No serious 

indirectness 

Inconclusive Very low 

Allergic rhinitis 3 No serious risk Serious: effect 

estimate 

comes from 

small no. of 
studies 

No serious 

inconsistency 

No serious 

indirectness 

Inconclusive Very low 
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