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Background: Previous studies evaluating the influences of maternal fish oil supplementation on the risk of asthma or wheeze in children showed inconsistent results. We performed a meta-analysis or randomized controlled trials (RCTs) to systematically evaluate the efficacy of maternal fish oil supplementation for asthma or wheeze.

Methods: Relevant RCTs were obtained by search of PubMed, Embase, and Cochrane's Library databases. A random-effects model incorporating the potential publication bias was used to pool the results.

Results: Ten RCTs with 3,676 infants were included. Compared to control, maternal supplementation with fish oil was not associated with a reduced risk of asthma or wheeze [odds ratio (OR): 0.91, 95% confidence interval (CI): 0.72–1.14, P = 0.40] with mild heterogeneity (I2 = 28%). Subgroup analyses showed that maternal fish oil supplementation significantly reduced the risk of asthma (OR: 0.56, 95% CI: 0.35–0.91, P = 0.02; I2 = 0%), but not the risk of wheeze (OR: 1.12, 95% CI: 0.90–1.41, P = 0.32; I2 = 0%). In addition, maternal fish oil supplementation was associated with reduced risk of asthma or wheeze in high-dose studies (≥1,200 mg/d, OR: 0.65, 95% CI: 0.48–0.87, P = 0.003; I2 = 0%), but not in low-dose studies (<1,200 mg/d, OR: 1.10, 95% CI: 0.88–1.38, P = 0.39; I2 = 0%, P for subgroup difference = 0.005). Study characteristics such as the risk of the infants, timing of supplementation, and follow-up duration did not significantly affect the results.

Conclusions: Maternal fish oil supplementation may reduce the risk of clinically diagnosed asthma in children, particularly with high-dose fish oil.
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INTRODUCTION

Asthma and wheeze (asthma/wheeze) is a respiratory syndrome which mainly occurs in early childhood (1–3). The pathogenesis of asthma/wheeze is complicated, which involves a variety of inflammatory cells and cytokines, leading to chronic airway inflammation, airway hypersensitivity, and bronchial airflow limitation (4, 5). According to epidemiological studies, the incidence of asthma/wheeze is increasing in recent decades, which has become an important threat to the health of the global population, particularly for the children and adolescents (1, 2). Therefore, identification of effective preventative strategy for asthma/wheeze is of great clinical significance (6). Previous epidemiological studies have suggested that prenatal maternal or postnatal infancy fish oil supplementation may be associated with lower risk of allergic diseases in early childhood, including asthma (7, 8). Accordingly, maternal supplementation of fish oil, which mainly consists of the marine omega-3 polyunsaturated fatty acids (n-3 PUFAs) eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), has been expected to reduce the incidence of asthma/wheeze (9). However, previous randomized controlled trials (RCTs) evaluating the influences of maternal fish oil supplementation on the risk of asthma or wheeze in children showed inconsistent results (10–19). Although some RCTs supported that prenatal maternal supplementation of fish oil reduced the risk of asthma/wheeze in offspring (16, 17), the others did not (10–15, 18, 19). Therefore, we performed a meta-analysis of RCTs to systematically evaluate the efficacy of maternal fish oil supplementation for asthma/wheeze. Comprehensive subgroup analyses were also performed to explore the potential influences of study characteristics on the outcome.



METHODS

We followed the instructions of the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) statement (20) and the Cochrane Handbook guidelines (21) during the designing, performing, and reporting of the meta-analysis.


Search Strategy

PubMed, Embase, and the Cochrane Library (Cochrane Center Register of Controlled Trials) databases were searched for relevant studies with a combined strategy of: (1) “omega-3 fatty acids” OR “fish oil” OR fish-oil OR “polyunsaturated fatty acids” OR “marine oil” OR “eicosapentaenoic acid” OR “docosahexaenoic acid” OR “DHA” OR “EPA”; (2) “asthma” OR “wheeze” OR “wheezing” OR “pulmonary” OR “lung” OR “allergy” OR “allergic”; (3) “child” OR “children” OR “adolescent” OR “pediatric” OR “pediatric” OR “infant” OR “neonate” OR “newborn” OR “toddler”; and (4) “random” OR “randomly” OR “randomized” OR “randomized”. Only clinical studies were considered. The references of related reviews and original articles were also searched as a complementation. The latest database search was conducted on April 5th, 2021.



Study Selection

Inclusion criteria were: (1) peer-reviewed articles in English; (2) designed as parallel-group RCTs; (3) included infants who were randomly allocated to an intervention group of maternal fish oil supplementation or a control group of placebo or blank treatment; prenatal supplementation of fish oil was achieved by maternal intake during gestational periods and postnatal supplementation was achieved by maternal intake during breast feeding; and (4) reported the incidence of asthma and/or the symptom of wheeze of the offspring during follow-up. If studies with overlapped population were retrieved, the one with the longest follow-up duration was included. Diagnosis and definition of asthma/wheeze were in accordance with those applied among the original studies. Reviews, preclinical studies, observational studies, crossover RCTs, studies with overlapped population, and studies that did not report related outcomes were excluded.



Data Extraction and Quality Assessment

Study search, data extraction, and quality evaluation were achieved by two independent authors. If disagreement occurred, it was resolved by consensus between the two authors. We extracted data regarding study information (first author, publication year, and study country), study design (blind or open-label), maternal or birth information, intervention of fish oil supplementation (dosage, timing and durations), regimen of controls, number of children followed, and outcomes reported. Quality evaluation was achieved using the Cochrane's Risk of Bias Tool (21) according to the following aspects: (1) random sequence generation; (2) allocation concealment; (3) blinding of participants and personnel; (4) blinding of outcome assessors; (5) incomplete outcome data; (6) selective outcome reporting; and (7) other potential bias. A total score of 5–7, 3–4, and 0–2 indicated high, moderate, and low quality of the included study.



Statistical Analysis

Incidence of asthma in each arm was evaluated via odds ratio (OR) and its 95% confidence intervals (CIs). We used the Cochrane's Q test to detect the heterogeneity, and significant heterogeneity was suggested if P < 0.10 (22). The I2 statistic was also calculated, and an I2 > 50% reflected significant heterogeneity. Pooled analyses were calculated using a random-effect model because this method incorporates the influence of potential heterogeneity and retrieves a more generalized result (21). Sensitivity analyses by excluding one dataset at a time were used to evaluate the stability of the findings. Subgroup analyses comparing the results according to the differences of outcomes reported, infant characteristics (normal or high-risk of asthma), dose of fish oil, timing of intervention, and follow-up durations were performed. For continuous variables, medians were used for cut-off. Publication bias was evaluated by visual inspection of funnel plots, and the Egger's regression asymmetry test (23). P < 0.05 were considered statistically significant. The RevMan (Version 5.1; Cochrane, Oxford, UK) and Stata software (Version 12.0; Stata, College Station, TX, USA) were applied for statistical analyses.




RESULTS


Search Results

In summary, 751 articles were obtained through the database search. After exclusion of duplicate studies, 620 articles were screened. Among them, 589 articles were subsequently excluded based on titles and abstracts primarily because these studies were irrelevant. Among the 31 potentially relevant articles, 21 were further excluded via full-text review based on reasons listed in Figure 1. Finally, 10 RCTs (10–19) were included in the meta-analysis.


[image: Figure 1]
FIGURE 1. Flowchart of literature search. From Moher et al. (24).




Study Characteristics

Table 1 shows the characteristics of the included studies. Overall, 10 RCTs were including a total of 3,676 infants were included (10–19). Since one study reported two interventional arms with different doses of fish oil (15), these datasets were included in the meta-analysis separately. These studies were performed in Australia (10, 13, 18, 19), Sweden (11), Denmark (16, 17), UK (14), USA (15), and Mexico (12), respectively. The supplementation of fish oil was achieved by prenatally maternal intake during gestational periods in seven studies (10, 12, 14–18), by postnatally maternal intake during breast feeding in two studies (13, 19), and by pre- and post-natal intake in another study (11). The dose of n-3 PUFAs varied from 390 to 3,700 mg/d, and the doses of EPA and DHA ranged within 0~1,600 and 270~2,240 mg/d. The follow-up durations varied from 6 months to 24 years. Outcome of clinically diagnosed asthma was reported in three studies (10, 11, 17), symptoms of wheeze in five studies (12–14, 18, 19), and outcome of asthma or wheeze in two studies (15, 16). For the studies reporting the outcomes of clinically diagnosed asthma, two studies defined the outcome as “doctor diagnosed wheezing at least three times during the first 2 years based on the medical records” (10, 11), and another study used asthma medication prescription records and/or asthma discharge diagnosis as the validation of the outcome (17).


Table 1. Characteristics of the included RCTs.
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Data Quality

Table 2 shows the details of study quality evaluation. Eight of the included studies was double-blind (10–16, 18, 19), while the other two was single-blind (14, 17). Methods of random sequence generation were reported in seven studies (12–16, 18, 19), and information of allocation concealment were reported in three studies (10, 16, 18). The overall quality score varied between 4 and 7, which suggested generally moderate to good study quality.


Table 2. Details of study quality evaluation via the Cochrane's Risk of Bias tool.
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Meta-Analysis Results

Pooled results of 11 datasets including 3,676 infants showed that compared to control, maternal supplementation with fish oil was not associated with an overall reduced risk of asthma or wheeze (OR: 0.91, 95% CI: 0.72–1.14, P = 0.40; Figure 2) with mild heterogeneity (I2 = 28%). Further sensitivity analysis by excluding one dataset at a time showed consistent results (OR: 0.85~0.98, P all > 0.05). Subgroup analyses showed that maternal fish oil supplementation may reduce the risk of clinically diagnosed asthma (OR: 0.56. 95% CI: 0.35–0.91, P = 0.02), but not the risk of wheeze (OR: 1.12, 95% CI: 0.90–1.41, P = 0.32; Table 3). In addition, maternal fish oil supplementation was associated with reduced risk of asthma or wheeze in high-dose studies (≥1,200 mg/d), but not in low-dose studies (<1,200 mg/d, P for subgroup difference = 0.005; Table 3). Study characteristics such as the risk of the infants, timing of supplementation, and follow-up duration did not significantly affect the results (P for subgroup difference all > 0.05; Table 3).


[image: Figure 2]
FIGURE 2. Forest plots for the meta-analysis of the influence of maternal fish oil supplementation on the risk of asthma or wheeze during follow-up.



Table 3. Subgroup analyses.
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Publication Bias

The funnel plots were symmetrical for the overall meta-analysis, suggesting low risk of publication bias (Figure 3). Egger's regression tests also showed low risk of publication bias (P for Egger's regression test = 0.652).


[image: Figure 3]
FIGURE 3. Funnel plots for the publication bias of the meta-analysis.





DISCUSSION

In this meta-analysis of RCTs, we found that maternal fish oil supplementation was not associated with an overall reduced risk of asthma/wheeze in children. However, subgroup analysis suggested that maternal fish oil supplementation may reduce the risk of clinically diagnosed asthma, but not for the overall wheeze symptoms. Besides, maternal fish oil supplementation reduced the risk of asthma/wheeze in studies with high-dose fish oil (≥1,200 mg/d), but not in those with low-dose fish oil (<1,200 mg/d). Characteristics of infants (high risk of allergic disease or normal) and timing of supplementation (prenatal or postnatal) did not seem to significantly affect the results. Taken together, results of the meta-analysis indicated that maternal fish oil supplementation may reduce the risk of clinically diagnosed asthma in children, particularly with high-dose fish oil.

Several systematic reviews and meta-analyses have been published previously to evaluate the association between maternal fish oil supplementation and risk of allergic diseases, including asthma and wheeze. Early meta-analyses mainly included observational studies, which suggested that fish or fish oil intake may be beneficial to prevent asthma in children (7, 8). However, the inherited methodological of observational studies, such as the recall and selection biases and confounding effects prevented these studies to drawl a confirmed conclusion (7, 8). Subsequently, a pooled analysis including 18 European and USA birth cohorts published before 2017 did not support a potential association of fish and seafood consumption during pregnancy with the risk of asthma/wheeze in offspring (25). Besides, a meta-analysis including one RCT and 13 prospective cohort studies showed that fish intake in infancy could reduce the risk of eczema and allergic rhinitis in children, whereas maternal fish intake during pregnancy does not affect any atopic outcome, including asthma/wheeze (26). Similarly, these findings were also based on the results of observational studies, which should be interpreted cautiously. Recently, two meta-analyses have been published to evaluate the influence of prenatal fish oil supplementation during pregnancy on allergic diseases, including asthma/wheeze in offspring (27, 28). One of the meta-analysis included seven RCTs published before 2017 showed that prenatal fish oil supplementation during pregnancy did not significantly reduce the risk of asthma/wheeze in offspring (27). However, due to the limited datasets included, the authors failed to evaluate the outcome of asthma and wheeze separately. Besides, no subgroup analyses were performed to evaluate the possible influences of key study characteristics on the outcome, such as the risk stratification of the infants and dose of fish oil (27). The other meta-analysis, by including seven RCTs published before 2018, showed that supplementation during pregnancy may reduce the incidence of wheeze/asthma of children (28). However, two studies (one original and one extension) of the same population were both included into the meta-analysis (29, 30), which seriously confounded the results of the meta-analysis.

Compared to the previous meta-analyses, our study has multiple methodological strengths. Firstly, by including the most up-to-date studies, our meta-analysis is comprised of the largest datasets and sample size (11 datasets including 3,676 infants) which could provide an updated view regarding the role of maternal fish oil supplementation on the risk of asthma/wheeze in childhood. As an update, a study of the same population as the previous two studies (29, 30) but with longest follow-up duration has been included in our study (18). Secondly, sensitivity analyses by excluding one study at a time showed that the results of the meta-analysis was not primarily driven by either of the included studies, indicating the stability of the finding. Finally, multiple predefined subgroup analysis was performed to evaluate the potential influence of study characteristics on the outcome, which may retrieve some interesting findings. Results of our meta-analysis showed that maternal fish oil supplementation may reduce the risk of clinically diagnosed asthma, but not the wheeze symptom in children. It has been indicated that not all children with wheeze will be eventually diagnosed as asthma (31, 32). Unlike asthma, preschool wheeze may have multiple causes other than those also involved in the pathogenesis of asthma (33). Therefore, preventative strategies for asthma may not be adequate for the prevention of wheeze. Future clinical trials are recommended to separately report the potential influence of fish oil supplementation on wheeze and asthma. Besides, results of subgroup analyses also showed that maternal fish oil supplementation was associated with reduced risk of asthma or wheeze in high-dose studies (≥1,200 mg/d), but not in low-dose studies (<1,200 mg/d). These findings are consistent with the previous observations which showed dose-dependent anti-inflammatory (34, 35) and immune modulatory (36–38) effects of fish oil. In this regard, a relative high-dose of fish oil is recommended for future clinical trials to evaluate the role of maternal fish oil supplementation on asthma risk in children.

Our study also has limitations. Firstly, according to the Global Initiative for Asthma Strategy 2021, it may be challenging to make a confident diagnosis of asthma under 5 years old (39). For the three included RCTs that reported the outcome of clinically diagnosed asthma (10, 11, 17), two of them had follow-up duration of <5 years and the diagnosis of asthma in these studies may need to be further validated. Therefore, results of subgroup analysis that maternal fish oil supplementation may reduce the risk of clinically diagnosed asthma should be interpreted with caution, and more RCTs with longer follow-up duration and evidence-based diagnosis of asthma should be performed to validate these findings. In addition, maternal and infantile dietary factors were generally not controlled among the included studies, which may affect the outcome of the meta-analysis. In addition, some other maternal-infantile nutritional factors may also affect the potential influences of fish oil supplementation on asthma/wheeze, such as concurrent use of some other nutritional supplements, which should also be analyzed in future studies (40). Besides, the optimal dose, timing, and regimens for fish oil supplementation remains to be determined to maximize its potential preventative efficacy on clinically diagnosed asthma in children. Future studies are still warranted. Finally, although high-dose fish oil is recommended based on the results of subgroup analysis, the safety of maternal high-dose fish oil supplementation should be evaluated in the future.

In conclusion, results of this updated meta-analysis showed that maternal fish oil supplementation may reduce the risk of clinically diagnosed asthma in children, particularly with high-dose fish oil. These findings should be validated in future clinical trials, and the safety of maternal high-dose fish oil supplementation should also be assessed.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



AUTHOR CONTRIBUTIONS

SW and CL designed the study, performed literature search, data extract, and statistical analyses. SW drafted the manuscript. CL revised the manuscript. All authors approved the submission. All authors contributed to the article and approved the submitted version.



FUNDING

This study was supported by Hainan Provincial Natural Science Foundation of China (821QN1002) and Hainan Province Clinical Medical Center.



REFERENCES

 1. Asher MI, Garcia-Marcos L, Pearce NE, Strachan DP. Trends in worldwide asthma prevalence. Eur Respir J. (2020) 56:2002094. doi: 10.1183/13993003.02094-2020

 2. Barber AT, Loughlin CE. Pediatric Pulmonology 2020 year in review: asthma. Pediatr Pulmonol. (2021) 56:2455–9. doi: 10.1002/ppul.25510

 3. Gern JE, Israel E. Mechanisms and treatment of the diverse presentations of acute wheezing and asthma. J Allergy Clin Immunol Pract. (2021) 9:2635–7. doi: 10.1016/j.jaip.2021.04.052

 4. Holgate ST, Wenzel S, Postma DS, Weiss ST, Renz H, Sly PD. Asthma. Nat Rev Dis Primers. (2015) 1:15025. doi: 10.1038/nrdp.2015.25

 5. Devonshire AL, Kumar R. Pediatric asthma: principles and treatment. Allergy Asthma Proc. (2019) 40:389–92. doi: 10.2500/aap.2019.40.4254

 6. Von Mutius E, Smits HH. Primary prevention of asthma: from risk and protective factors to targeted strategies for prevention. Lancet. (2020) 396:854–66. doi: 10.1016/S0140-6736(20)31861-4

 7. Yang H, Xun P, He K. Fish and fish oil intake in relation to risk of asthma: a systematic review and meta-analysis. PLoS ONE. (2013) 8:e80048. doi: 10.1371/journal.pone.0080048

 8. Best KP, Gold M, Kennedy D, Martin J, Makrides M. Omega-3 long-chain PUFA intake during pregnancy and allergic disease outcomes in the offspring: a systematic review and meta-analysis of observational studies and randomized controlled trials. Am J Clin Nutr. (2016) 103:128–43. doi: 10.3945/ajcn.115.111104

 9. Xu P, Wang Z, Li J. Progress on the protective effects of maternal fatty acid supplementation on infant asthma risk: a narrative review. Ann Palliat Med. (2021) 10:2323–30. doi: 10.21037/apm-21-88

 10. Dunstan JA, Mori TA, Barden A, Beilin LJ, Taylor AL, Holt PG, et al. Fish oil supplementation in pregnancy modifies neonatal allergen-specific immune responses and clinical outcomes in infants at high risk of atopy: a randomized, controlled trial. J Allergy Clin Immunol. (2003) 112:1178–84. doi: 10.1016/j.jaci.2003.09.009

 11. Furuhjelm C, Warstedt K, Fageras M, Falth-Magnusson K, Larsson J, Fredriksson M, et al. Allergic disease in infants up to 2 years of age in relation to plasma omega-3 fatty acids and maternal fish oil supplementation in pregnancy and lactation. Pediatr Allergy Immunol. (2011) 22:505–14. doi: 10.1111/j.1399-3038.2010.01096.x

 12. Imhoff-Kunsch B, Stein AD, Martorell R, Parra-Cabrera S, Romieu I, Ramakrishnan U. Prenatal docosahexaenoic acid supplementation and infant morbidity: randomized controlled trial. Pediatrics. (2011) 128:e505–512. doi: 10.1542/peds.2010-1386

 13. D'vaz N, Meldrum S. J., Dunstan J. A., Martino D, Mccarthy S., Metcalfe J., et al. (2012). Postnatal fish oil supplementation in high-risk infants to prevent allergy: randomized controlled trial. Pediatrics 130, 674–682. doi: 10.1542/peds.2011-3104

 14. Noakes PS, Vlachava M, Kremmyda LS, Diaper ND, Miles EA, Erlewyn-Lajeunesse M, et al. Increased intake of oily fish in pregnancy: effects on neonatal immune responses and on clinical outcomes in infants at 6 mo. Am J Clin Nutr. (2012) 95:395–404. doi: 10.3945/ajcn.111.022954

 15. Berman D, Clinton C, Limb R, Somers EC, Romero V, Mozurkewich E. Prenatal omega-3 supplementation and eczema risk among offspring at age 36 months. Insights Allergy Asthma Bronchitis. (2016) 2:100014. doi: 10.21767/2471-304X.100014

 16. Bisgaard H, Stokholm J, Chawes BL, Vissing NH, Bjarnadottir E, Schoos AM, et al. Fish oil-derived fatty acids in pregnancy and wheeze and asthma in offspring. N Engl J Med. (2016) 375:2530–9. doi: 10.1056/NEJMoa1503734

 17. Hansen S, Strom M, Maslova E, Dahl R, Hoffmann HJ, Rytter D, et al. Fish oil supplementation during pregnancy and allergic respiratory disease in the adult offspring. J Allergy Clin Immunol. (2017) 139:104–11.e104. doi: 10.1016/j.jaci.2016.02.042

 18. Best KP, Sullivan TR, Palmer DJ, Gold M, Martin J, Kennedy D, et al. Prenatal omega-3 LCPUFA and symptoms of allergic disease and sensitization throughout early childhood - a longitudinal analysis of long-term follow-up of a randomized controlled trial. World Allergy Organ J. (2018) 11:10. doi: 10.1186/s40413-018-0190-7

 19. Gunaratne AW, Makrides M, Collins CT, Gibson RA, Mcphee AJ, Sullivan TR, et al. Docosahexaenoic acid supplementation of preterm infants and parent-reported symptoms of allergic disease at 7 years corrected age: follow-up of a randomized controlled trial. Am J Clin Nutr. (2019) 109:1600–10. doi: 10.1093/ajcn/nqz010

 20. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. BMJ. (2009) 339:b2535. doi: 10.1136/bmj.b2535

 21. Higgins J, Green S. (2011). Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0. The Cochrane Collaboration. Available online at: www.cochranehandbook.org (accessed September 20, 2022). 

 22. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med. (2002) 21:1539–58. doi: 10.1002/sim.1186

 23. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical test. BMJ. (1997) 315:629–34. doi: 10.1136/bmj.315.7109.629

 24. Moher D Liberati A Tetzlaff J Altman DG The The PRISMA Group. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. (2009) 6:e1000097. doi: 10.1371/journal.pmed.1000097

 25. Stratakis N, Roumeliotaki T, Oken E, Ballester F, Barros H, Basterrechea M, et al. Fish and seafood consumption during pregnancy and the risk of asthma and allergic rhinitis in childhood: a pooled analysis of 18 European and US birth cohorts. Int J Epidemiol. (2017) 46:1465–77. doi: 10.1093/ije/dyx007

 26. Zhang GQ, Liu B, Li J, Luo CQ, Zhang Q, Chen JL, et al. Fish intake during pregnancy or infancy and allergic outcomes in children: a systematic review and meta-analysis. Pediatr Allergy Immunol. (2017) 28:152–61. doi: 10.1111/pai.12648

 27. Vahdaninia M, Mackenzie H, Dean T, Helps S. omega-3 LCPUFA supplementation during pregnancy and risk of allergic outcomes or sensitization in offspring: a systematic review and meta-analysis. Ann Allergy Asthma Immunol. (2019) 122:302–13.e302. doi: 10.1016/j.anai.2018.12.008

 28. Lin J, Zhang Y, Zhu X, Wang D, Dai J. Effects of supplementation with omega-3 fatty acids during pregnancy on asthma or wheeze of children: a systematic review and meta-analysis. J Matern Fetal Neonatal Med. (2020) 33:1792–801. doi: 10.1080/14767058.2018.1529161

 29. Palmer DJ, Sullivan T, Gold MS, Prescott SL, Heddle R, Gibson RA, et al. Randomized controlled trial of fish oil supplementation in pregnancy on childhood allergies. Allergy. (2013) 68:1370–6. doi: 10.1111/all.12233

 30. Best KP, Sullivan T, Palmer D, Gold M, Kennedy DJ, Martin J, et al. Prenatal fish oil supplementation and allergy: 6-year follow-up of a randomized controlled trial. Pediatrics. (2016) 137:4443. doi: 10.1542/peds.2015-4443

 31. Wright AL. Epidemiology of asthma and recurrent wheeze in childhood. Clin Rev Allergy Immunol. (2002) 22:33–44. doi: 10.1007/s12016-002-0004-z

 32. Paul SP, Bhatt JM. Preschool wheeze is not asthma: a clinical dilemma. Indian J Pediatr. (2014) 81:1193–5. doi: 10.1007/s12098-014-1500-x

 33. Nwokoro C, Grigg J. Preschool wheeze, genes and treatment. Paediatr Respir Rev. (2018) 28:47–54. doi: 10.1016/j.prrv.2017.11.003

 34. Nordgren TM, Friemel TD, Heires AJ, Poole JA, Wyatt TA, Romberger DJ. The omega-3 fatty acid docosahexaenoic acid attenuates organic dust-induced airway inflammation. Nutrients. (2014) 6:5434–52. doi: 10.3390/nu6125434

 35. Lamon-Fava S, So J, Mischoulon D, Ziegler TR, Dunlop BW, Kinkead B, et al. Dose- and time-dependent increase in circulating anti-inflammatory and pro-resolving lipid mediators following eicosapentaenoic acid supplementation in patients with major depressive disorder and chronic inflammation. Prostaglandins Leukot Essent Fatty Acids. (2021) 164:102219. doi: 10.1016/j.plefa.2020.102219

 36. Kikuchi S, Sakamoto T, Ishikawa C, Yazawa K, Torii S. Modulation of eosinophil chemotactic activities to leukotriene B4 by n-3 polyunsaturated fatty acids. Prostaglandins Leukot Essent Fatty Acids. (1998) 58:243–8. doi: 10.1016/S0952-3278(98)90121-1

 37. Park BK, Park S, Park JB, Park MC, Min TS, Jin M. Omega-3 fatty acids suppress Th2-associated cytokine gene expressions and GATA transcription factors in mast cells. J Nutr Biochem. (2013) 24:868–76. doi: 10.1016/j.jnutbio.2012.05.007

 38. Jin M, Park S, Park BK, Choi JJ, Yoon SJ, Yang M, et al. Eicosapentaenoic acid and docosahexaenoic acid suppress Th2 cytokine expression in RBL-2H3 basophilic leukemia cells. J Med Food. (2014) 17:198–205. doi: 10.1089/jmf.2013.2935

 39. Reddel HK, Bacharier LB, Bateman ED, Brightling CE, Brusselle GG, Buhl R, et al. Global initiative for asthma strategy 2021: executive summary and rationale for key changes. Am J Respir Crit Care Med. (2022) 205:17–35. doi: 10.1164/rccm.202109-2205PP

 40. Trambusti I, Nuzzi G, Costagliola G, Verduci E, D'auria E, Peroni DG, et al. Dietary interventions and nutritional factors in the prevention of pediatric asthma. Front Pediatr. (2020) 8:480. doi: 10.3389/fped.2020.00480

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Wu and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fped-10-817110-t002.jpg
References Random Allocation Blinding of Blinding of Incomplete Selective Other sources Total

sequence concealment participants  outcome outcome data  reporting of bias

generation assessment  addressed
Dunstanetal. (1) Unclear Yes Yes Yes Yes Yes Yes 6
Furuhjelmetal. (1) Unclear Unclear Yes Yes Yes Yes Yes 5
Imhoff-Kunsch etal.  Yes Unclear Yes Yes Yes Yes Yes 6
(12)
D'Vaz etal. (1) Yes Unclear Yes Yes Yes Yes Yes 6
Noakes et al. (14) Unclear Unclear Unclear Yes Yes Yes Yes 4
Berman et al. (15) Yes Unclear Yes Yes Yes Yes Yes 6
Berman et al. (15) Yes Unclear Yes Yes Yes Yes Yes 6
Bisgaard etal. (16)  Yes Yes Yes Yes Yes Yes Yes 7
Hansen et al. (17) Unclear Unclear Yes Unclear Yes Yes Yes 4
Best et al. (18) Yes Yes Yes Yes Yes Yes Yes 7
Gunaratne etal. (19)  Yes Unclear Yes Yes Yes Yes Yes 6





OPS/images/fped-10-817110-t003.jpg
Characteristics

Outcomes

Asthma

Wheeze

Asthma or wheeze
Infant characteristics
High-risk

Normal

Dose of fish oil
<1,200 mg/d
1,200 mg/d

Dose of EPA
<1,000 mg/d
21,000 mg/d

Dose of DHA

<800 mg/d

>800 mg/d

Timing of intervention
Pre-natal

Post-natal

Pre- and post-natal
Follow-up duration
<3 years

=3 years

OR, odds ratio; Cl, confidence interval: EPA, eicosapentaenoic acid:; DHA, docosahexaenoic acid.

No. of datasets (infants)

3(604)
5(2,293)
3(779)

4(1,009)
7 2,667)

6(2,333)
5(1,343)

6(2,333)
5(1,343)

5(1,771)
6(1,905)

8(2,747)
2(810)
1(119)

5(1,360)
6(2,316)

Risk of asthma or wheeze symptom

OR (95% Cl)

0.560.35,0.91]
1.12(090, 1.41]
0.69 (0.48, 0.98)

1.04(0.70, 1.53]
0.86(0.64, 1.15)

1.10(0.88, 1.38]
0.65 (0.48, 0.87)

1.10(0.88, 1.38]
0.65 (0.48, 0.87)

1.18(092, 1.52)
0.70(0.54, 0.89]

0.80 (0.61, 1.04)
1.20(0.86, 1.68]
1.06(0.36, 3.14]

1.16 (083, 1.59]
0.80(0.60, 1.07)

I3

0%
0%
0%

7%
40%

0%
0%

0%
0%

0%
0%

22%

0%

0%
36%

P for subgroup effect

0.02
0.32
0.04

0.86
031

0.39
0.003

0.39
0.003

0.19
0.004

0.09
0.27
091

0.40
0.14

P for subgroup difference

0.009

0.45

0.005

0.005

0.003

0.16

0.1





OPS/images/fped-10-817110-g003.gif





OPS/images/fped-10-817110-t001.jpg
References

Dunstan et
al. (10)
Furuhjelm et
al. (1)

Imhoff-
Kunsch etal.
(12)

D'Vaz etal.
13

Noakes et al.
(14

Berman et
al. (15)

Berman et
al. (15)

Bisgaard et
al.(16)

Hansen et al.
an

Best et al.
(18

Gunaratne et
al. (19)

Country

Australia

Sweden

Mexico

Australia

UK

USA

USA

Denmark

Denmark

Australia

Australia

Study
design

R, DB, PC

R, DB, PC

R,DB, PC

R, DB, PC

R, SB

R, DB, PC

R,DB, PC

R,DB, PC

R, SB, PC

R,DB,PC

R,DB, PC

Maternal/birth
characteristics

Atopic pregnant
women

Women at risk of
having allergic
infant

‘Women with
normal pregnancy

Women at risk of
having allergic
infant

‘Women with
normal pregnancy
Pregnant women
with history of
depression
Pregnant women
with history of
depression
Population based
women with
normal pregnancy
Population based
women with
normal pregnancy
‘Women at risk of
having allergic
infant

‘Women with
Infants born at
<33 week
gestation

n-3 PUFAs
dose

mg/d

3,700

2,700

495

1,334

1,080

2,400

2,700

900

EPA
dose

mg/d
1,460

1,600

110

1,440

1,570

DHA
dose

mg/d

2,240

1,100

400

280

330

274

960

1,130

800

500

Control

Olive oil

Soya bean oil

Soy oil

Olive ol

Regular diet

Soy il

Soy oil

Olive ol

Olive oil

Vegetable oil

Soy oil

Intervention duration Follow-up

duration
Years

Prenatal: from 20 week 1

GAto delivery

Prenatal and postnatal: 2

from 25 week GA to

3.5 months of breast

feeding

Prenatal: from 18~22 05

week GA to delivery

Postnatal: from delivery 1

106 months of breast

feeding

Prenatal: from 20 week 05

GAto delivery

Prenatal: from 12 week 3

GAto delivery

Prenatal: from 12 week 3

GA to delivery

Prenatal: from 24 week 4

GAto delivery

Prenatal: from 30 week 24

GAto delivery

Prenatal: from 21 week 6

GAto delivery

Postnatal: from delivery 7

102 months of breast

feeding

No. of
children
followed

119

241

44

40

895

402

566

569

Outcome
reported

Gliically
diagnosed asthma

Glinically
diagnosed asthma

Wheeze symptom

Wheeze symptom

Wheeze symptom

Asthma or
wheezing

Asthma or
wheezing

Persistent wheeze
or asthma

Ciically
diagnosed asthma

Wheeze symptom

Wheeze symptom

RCT, randomized controlled trials; R, randomized; DB, double-blinded; PC, placebo-controlled; SB, single-blinded; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; GA, gestational age; n-3 PUFAs, omega-3 polyunsaturated

fatty acids.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Influence of Maternal Fish Oil Supplementation on the Risk of Asthma or Wheeze in Children: A Meta-Analysis of Randomized Controlled Trials



		Introduction



		Methods



		Search Strategy



		Study Selection



		Data Extraction and Quality Assessment



		Statistical Analysis







		Results



		Search Results



		Study Characteristics



		Data Quality



		Meta-Analysis Results



		Publication Bias







		Discussion



		Data Availability Statement



		Author Contributions



		Funding



		References

















OPS/images/cover.jpg
’ frontiers
in Pediatrics

Influence of Maternal Fish Qil
Supplementation on the Risk of
Asthma or Wheeze in Children: A
Meta-Analysis of Randomized
Controlled Trials





OPS/images/fped-10-817110-g001.gif
H Records identified through ‘Additional records identified
H peei b
i G pes
- [o—
et
H
i p—
proep— e
(=200 " & Notrelevant studies
L et
[rmew— [rrr——
: Pt ol HRRN oot
g i) o
E ® Stuides in chidrenor
= ‘adults with asthma &
rppipomtniond
st frotretm
it e
bt
- o—
3 k=
i P

auantiatvesynthsis
mets-ansiyi)
(n=10)






OPS/images/fped-10-817110-g002.gif
Dunsin 2000 2 w0 e s 1e% 0%0017) i
Furyam 2011 TS s o s tobwa -
it 2011 0 @ s ad wow  mEm i -

Bvaz otz 2 Ws e om sw s T
Noss 2012 o 7w oam o imoesen —_
Borman 2010 9 % 3 om 2w impwew —_
Borman 20185 4w 4w 2w ospwew ———
Begaazotc S o 1 oMo w2 om0 =

Honn20r7 32w o ne osiomom) —

Beazore B oz % oz L omEs 1S

Gurarano 2019 o mom owen zemis)

Tou 959 €1 o e wowe  ostor

Toiovnts s e

Hetsogonoty. Tou? =008, O = 1381, 10 (P~ 0.101 = 28% s ]

Testfor overal efec 2= 0.85 (P = 0.40) O O e Favoure s









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Pediatrics





