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Objective: The global prevalence of allergic diseases has led to a negative and extensive impact on the health and lives of a large population of children. This study investigates the efficacy, acceptability, and safety of cetirizine (CTZ) for treating allergic diseases in children and provides evidence-based assertions for decision-making.

Methods: PubMed, Embase, the Cochrane Library, World Health Organization International Clinical Trials Registry Platform, ClinicalTrials.gov, and the European Union Clinical Trials Register were systematically searched from inception to April 21, 2022. Randomized controlled trials (RCTs) or quasi-RCTs of children with allergic diseases receiving CTZ compared with those receiving placebo or other drugs were included without language limitations. Two investigators independently identified articles, extracted data, conducted meta-analyses, assessed the Cochrane risk of bias of individual studies, and evaluated the evidence certainty using the Grading of Recommendations Assessment, Development, and Evaluation approach; any discrepancies were resolved by consulting with a third investigator. Primary outcomes included scales that evaluated the recovery of allergic conditions in AR, such as the total symptom score (TSS). Secondary outcomes included laboratory test changes, safety (adverse events, AEs), and quality of life (QOL). Data were pooled using the Cochrane Review Manager 5.4, and a fixed-effects model was used if heterogeneity was evaluated as low (I2 < 50%); otherwise, a random-effects model was adopted.

Results: A total of 22 studies (5,867 patients) were ultimately included [eight with perennial AR, six with seasonal AR, four with atopic dermatitis (AD), and four with other allergic diseases], most of which had a low or unclear risk of bias. Moderate certainty evidence showed that CTZ was found to benefit allergic symptom control [mean difference (MD) of TSS at 1 week: MD, –0.32 (–0.52, –0.12); at 2 weeks: MD, –0.25 (–0.35, –0.14); at 4 weeks: MD, –4.07 (–4.71, –3.43); at 8 weeks: MD, –4.22 (–4.73, –3.72); at 12 weeks: MD, –5.63 (–6.14, –5.13); all P-values were less than 0.05] and QOL [at 12 weeks: MD, –23.16 (–26.92, –19.39); P < 0.00001] in children with AR. It had similar efficacy compared with other antihistamines (AHs) or montelukast, without showing better control of AD severity in children. Moderate-to-low certainty evidence demonstrated that CTZ was well tolerated and did not increase the risk of severe and overall AEs, cardiotoxicity, damage to the central nervous and digestive systems, or other systems in children, except for the risk of somnolence [risk ratio, 1.62 (1.02, 2.57); P = 0.04, compared with placebo].

Conclusion: Moderate-to-low certainty evidence revealed that CTZ could improve clinical improvement and QOL in children with AR and have comparable efficacy with other AHs. CTZ is well tolerated in the pediatric population, except for an increased risk of somnolence.

Systematic review registration: [https://www.crd.york.ac.uk/PROSPERO/], identifier [CRD42021262767].
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Introduction

The most prevalent childhood allergic diseases worldwide include allergic rhinitis (AR), allergic rhino-conjunctivitis, urticaria, asthma, and atopic dermatitis (AD), leading to a negative and extensive impact on the health and lives of a large population of children (1–4). Controlling allergic symptoms in children is of great significance, especially after the global coronavirus disease 2019 (COVID-19) pandemic in 2020. H1-antihistamines (H1-AHs) play a critical role in controlling allergic symptoms, and cetirizine (CTZ) is one of the most commonly administered second-generation H1-AHs in children (5).

Previous results from several clinical trials have reported the efficacy and quality of life (QOL) of CTZ in children with seasonal allergic rhinitis (SAR), chronic spontaneous urticaria, and allergic asthma (6). However, central nervous system (CNS) adverse events (AEs) are increasingly observed in clinical practice and frequently reported (7, 8). The use of CTZ in children was extrapolated from adult patients rather than from direct evidence in children (9). Therefore, the application of CTZ in children, based on direct childhood evidence, remain controversial. Physicians, pharmacists, and patients’ parents express widespread concerns about the efficacy compared with other AHs as well as the long-term safety of CTZ in allergic symptom control.

Unfortunately, except for a narrative description conducted in adults, adolescents, and children with AR (10), there lacks systematic reviews or meta-analyses comprehensively synthesizing remarkable evidence of CTZ application in children with allergic diseases. We, therefore, conducted a systematic review of randomized controlled trials (RCTs) to investigate the benefits and side effects of CTZ in pediatric allergic diseases to fill this gap in knowledge.



Methods

We conducted a systematic review and meta-analysis of RCTs or quasi-RCTs according to the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) reporting guidelines (11) (Supplementary File 1). The study protocol is registered and accessible in PROSPERO (CRD420212627671), and we updated the search dates and the literature compared to the original protocol.


Data sources and searches

PubMed, Embase, Cochrane Central Register of Controlled Trials (CENTRAL), International Clinical Trials Registry Platform (ICTRP),2 ClinicalTrials.gov,3 and the European Union Clinical Trials Register4 were searched from inception to April 21, 2022. The search strategy was developed and discussed by the review team and consisted of three parts: CTZ, pediatric population, and RCTs using medical subject heading terms, Emtree headings, and text words (Supplementary File 2). The search was limited to human trials without language limitations or years of publication. We also manually searched the reference lists of included studies and previous review articles.



Eligibility criteria

We sought RCTs or quasi-RCTs that examined the efficacy and safety of CTZ compared with placebo or other drugs for treating allergic diseases, including AR, allergic rhino-conjunctivitis, and urticaria, in children (< 18 years). The dosage forms, treatment duration, and types of allergic diseases were not restricted. The primary outcome of interest was the total symptom score (TSS), scoring atopic dermatitis (SCORAD) (12), and other scales that evaluated the recovery of allergic conditions; secondary outcomes included laboratory tests [total immunoglobulin E (IgE) level, serum eosinophil cationic protein (ECP) values, and total peripheral blood eosinophil counts], Pediatric Rhino-conjunctivitis Quality of Life Questionnaire (PRQLQ) score, and AEs rate. Conference abstracts, editorials, letters, short communications, and publications without peer review were excluded.



Study selection and data extraction

Two investigators (PZ and QJ) independently screened and assessed the titles, abstracts, and full texts of eligible studies after removing duplicated records; discrepancies were resolved by consulting with a third investigator (WZ or RZ). Using a pre-specified method, two investigators (PZ and QJ) independently extracted data on baseline characteristics, including authors, publication years, countries, number of study centers, allergic diseases, age, study samples, sex, treatment duration, interventions, comparisons, efficacy, and safety outcomes from individual studies. Discrepancies were resolved by consulting with a third investigator (ZW).



Risk of bias and certainty of evidence

Pairs of independent reviewers assessed the potential risk of bias of individual RCTs, as recommended by Cochrane Collaboration (version 1), based on the following domains: random sequence generation, allocation concealment, blinding, attribution, selective reporting, and other bias (13). Furthermore, the overall quality of evidence for each clinical outcome was evaluated using the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) approach (14). RCT certainty was initially classified as high and was downgraded to moderate, low, or very low certainty if serious flaws were identified in the domains of risk of bias, indirectness of evidence, inconsistency, imprecision, and publication bias. Any discrepancies were resolved by arbitration with a third reviewer (WZ or RZ).



Data synthesis and analysis

Meta-analyses were conducted separately for each outcome for continuous and binary variables using Review Manager version 5.4 (The Cochrane Collaboration, London, England). Continuous outcomes were expressed as the mean difference (MD) and standardized difference (SD) between groups with 95% confidence intervals (95% CIs). Binary outcomes are presented as relative risk (RR) with 95% CIs.

Heterogeneity among studies was calculated using the chi-square (χ2) and I2 statistics. The fixed-effects model was used for meta-analyses if I2 < 50% and P-value ≥ 0.1. If I2 ≥ 50%, potential clinical or methodological causes of high heterogeneity were first analyzed, and a random-effects model was used in the forest plots. A two-tailed P-value < 0.05 was considered statistically significant. A descriptive analysis was performed if there was insufficient data or high heterogeneity to conduct the meta-analysis.

Subgroup analyses were planned for allergic diseases, comparisons (placebo, other AHs, or montelukast), and treatment durations (1, 2, 4, 8, or 12 weeks). Sensitivity analyses were performed by excluding studies that were evaluated as having a high risk of bias or dominant causes involving heterogeneity. In addition, funnel plots were performed to justify publication bias for the meta-analyses.




Results

A total of 834 unique records were identified from the literature searches, and 469 were screened for titles, abstracts, and full texts after removing duplicates. Twenty two RCTs (15–36), involving 5,867 participants, met the inclusion criteria, of which 18 RCTs (15, 17–30, 32, 33, 35) contributed data to the meta-analyses (Figure 1).


[image: image]

FIGURE 1
PRISMA flowchart.



Study characteristics

The studies were conducted in the United States, European countries, Canada, China, Taiwan, Germany, Netherlands, Singapore, Belgium, and Italy. Eight studies investigated participants diagnosed with perennial allergic rhinitis (PAR), and six studies investigated participants diagnosed with SAR. Four studies were conducted on patients with AD. Only one study reported seasonal allergic rhino-conjunctivitis, mite allergy, chronic allergic rhinitis, and disorders with H1-AHs treatment. Furthermore, CTZ was identified as a trial intervention in all eligible studies, and the control groups included ketotifen, chlorpheniramine, terfenadine, loratadine, levocetirizine, montelukast, and placebo (Table 1).


TABLE 1    Baseline characteristics of included trials.
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Risk of bias

Figures 2, 3 show the risk of bias assessment results, and Supplementary File 3 presents the details. Half of the trials (n = 11) were at low risk of selection bias, reporting a detailed randomization process (n = 11). There was inadequate reporting of allocation concealment in 16 trials, which was evaluated as unclear risk of bias. Most of the trials (n = 21) were at low or unclear risk of bias in performance, except for one study that was evaluated as having a high risk of bias because of its single-blind design. All studies were at low risk of attribution and reporting biases. Most studies (n = 21) did not declare any conflicts of interest.
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FIGURE 2
Risk of bias summary.
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FIGURE 3
Risk of bias graph.




Efficacy evaluation


Allergic rhinitis


Total symptom score

Among 12 studies reporting the efficacy of cetirizine for treating AR in children, eight (15, 17–20, 23, 24, 29) used TSS ranging from 0 to 3 to evaluate symptom improvement. Moderate-to-low quality evidence from eight studies showed that compared with placebo, CTZ produced a significantly greater mean TSS reduction at 1 week [two studies with 265 participants; MD, –0.32 (–0.52, –0.12); I2 = 0%; P = 0.002; moderate certainty evidence], 2 weeks [four studies with 860 participants; MD, –0.25 (–0.35, –0.14); I2 = 44%; P < 0.00001; low certainty evidence], 4 weeks [four studies with 125 participants; MD, –4.07 (–4.71, –3.43); I2 = 0%; P < 0.00001; moderate certainty evidence], 8 weeks [four studies with 125 participants; MD, –4.22 (–4.73, –3.72); I2 = 0%; P < 0.00001; moderate certainty evidence], and 12 weeks [four studies with 125 participants; MD, –5.63 (–6.14, –5.13); I2 = 0%; P < 0.00001; moderate certainty evidence] (Figure 4). We did not pooled data from Chen et al. (15) mainly because it might be a source of high heterogeneity.
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FIGURE 4
Comparison of cetirizine with placebo for total symptom score in AR children.


Furthermore, narrative analyses of the remaining four studies were conducted (22, 25, 26, 28) because of the inconsistency in data form and comparisons. Compared with placebo, two studies (25, 28) reported that 10 mg CTZ daily showed significant improvements in symptom control, and 5 mg CTZ daily produced similar efficacy. Additionally, Tinkelman et al. (26), with high risk of bias, revealed no significant differences in TSS between CTZ administered once or twice daily and chlorpheniramine groups. Sienra et al. (22) reported that CTZ and loratadine improved symptoms, but the differences between the two groups were not significant.



Laboratory tests

Cetirizine was found to be associated with lower serum total IgE levels [four studies (15, 17, 19, 20) with 165 participants; MD, –89.75 (–144.78, –34.72); I2 = 0%; P = 0.001], serum ECP values [four studies (15, 17, 19, 20) with 165 participants; MD, –3.81 (–5.00, –2.61); I2 = 0% P < 0.00001], and total peripheral blood eosinophil counts [four studies (15, 17, 19, 20) with 165 participants; MD, –161.93 (–226.09, –97.77); I2 = 0%; P < 0.00001] compared with placebo. When compared with montelukast, CTZ showed similar efficacy in terms of serum total IgE levels [two studies (15, 17) with 85 participants; MD, –39.19 (–127.31, 48.94); I2 = 0%, P = 0.38], serum ECP values [two studies (15, 17) with 85 participants; MD, –0.75 (–4.36, 2.85); I2 = 0%; P = 0.68], and total peripheral blood eosinophil counts [two studies (15, 17) with 85 participants; MD, –50.38 (–162.39, 61.63); I2 = 0%; P = 0.38]. However, CTZ was inconsistent when compared with levocetirizine (20) and ketotifen (19) in laboratory tests; therefore, further investigations should be conducted (Supplementary File 4.1–4.3).



Pediatric Rhino-conjunctivitis Quality of Life Questionnaire score

Cetirizine significantly decreased the mean PRQLQ score at 12 weeks after treatment compared with placebo [three studies (15, 19, 20) with 125 participants; MD, –23.16 (–26.92, –19.39); I2 = 0%; P < 0.00001; moderate certainty evidence; narrative analysis from one study (17)]. However, there was no significant difference between cetirizine and other AHs [two studies (19, 20) with 85 participants; MD, –0.88 (–11.99, 10.22); I2 = 67%; P = 0.88; low certainty evidence] and montelukast [one study (15) with 40 participants; MD, –12.00 (–25.68, 1.68); P = 0.09] (Supplementary File 4.4).




Atopic dermatitis

Diepgen et al. (31) and Warner et al. (34) reported that the severity of AD, as measured by SCORAD, decreased significantly in the CTZ and control groups (P < 0.001), without statistical differences between the groups over the 18-month treatment period, except for the severity of eczema. Nevertheless, the rates of taking oral AHs as rescue medication (18.6 vs. 24.9%, P = 0.03) and the development of urticaria (5.8 vs. 16.2%, P < 0.001) or asthma in infants sensitized to grass pollen and house dust mite were significantly lower in the CTZ group than in the placebo group.



Other diseases

For children with pollen-associated rhino-conjunctivitis, Masi et al. (35) reported that CTZ was associated with a significantly greater improvement in allergic symptoms (Disease Severity Score, DSS) compared with placebo evaluated by patients (DSS = 0, P = 0.007; DSS ≤ 1, P = 0.0001; DSS ≤ 2, P = 0.0004) and investigators (after 1 week, P = 0.007; after 2 weeks, P < 0.001). Global evaluation using the non-stratified Cochrane-Mantel-Haenszel (CHM) test at the end of treatment showed greater improvement with CTZ than with the placebo (P < 0.001).

For mite allergies, Ciprandi et al. (36) revealed that the weekly mean rhinitis symptom scores of the CTZ-treated group (5 mg/day) were significantly lower than those of the placebo group (P < 0.05). The weekly mean asthma symptom scores were significantly lower in the CTZ-treated group than in the placebo group (P < 0.05) for 6 weeks. However, this difference was not significant in the remaining weeks.




Safety evaluation


Severe adverse events and overall adverse events

Very low rates of severe adverse events (SAEs) were reported in all the studies. Only two studies recorded drug-related SAEs, and no statistical difference was found between CTZ and placebo [two studies (18, 32) with 1,122 participants; RR, 0.35 (0.09, 1.36); I2 = 0%, P = 0.13]. In addition, CTZ did not increase the risk of overall AEs compared with placebo [seven studies (17, 18, 23, 28–30, 35) with 893 participants; RR, 1.07 (0.85, 1.34); I2 = 4%; P = 0.58; high certainty evidence] (Supplementary File 5.1).



Cardiotoxicity

Based on the descriptive analysis of four studies (16, 25, 27, 33), 5 or 10 mg of CTZ daily did not significantly increase the risk of cardiotoxicity, including QT interval prolongation, compared with placebo.



Central nervous system

Pooled results demonstrated that CTZ may be associated with an increased rate of somnolence compared to placebo [ten studies (15, 17, 19, 20, 22–24, 26, 28, 30, 32, 35) with 1,823 participants; RR, 1.62 (1.02, 2.57); I2 = 9%; P = 0.04; moderate certainty evidence]. However, children administered CTZ or other AHs [five studies (19, 20, 22, 24, 26) with 769 participants; RR, 1.61 (0.72, 3.58); I2 = 0%; P = 0.24; moderate certainty evidence], or montelukast [two studies (15, 17) with 80 participants; RR, 3.00 (0.33, 27.69); I2 = 0%; P = 0.33; low certainty evidence] had a similar likelihood of somnolence (Supplementary File 5.2). Furthermore, Ng et al. reported that chlorpheniramine and CTZ could increase P300 latency compared with baseline, but with no significant change in somnolence (21).

In addition, when compared with placebo, CTZ did not increase the incidence of insomnia [four studies (23, 29, 30, 32) with 1,079 participants; RR, 1.04 (0.49, 2.22); I2 = 55%; P = 0.91; moderate certainty evidence], headache [nine studies (17, 19, 23–25, 27–29, 35) with 1,477 participants; RR, 0.84 (0.58, 1.21); I2 = 0%; P = 0.35; moderate certainty evidence], and fatigue [four studies (17, 19, 32) with 1,008 participants; RR, 1.93 (0.84, 4.40); I2 = 0%; P = 0.12; moderate certainty evidence]. Moreover, no significant difference was observed between CTZ and other AHs in the rate of headache [two studies (24, 26) with 634 participants; RR, 0.78 (0.36, 1.71); I2 = 0%; P = 0.53; low certainty evidence], and fatigue [three studies (19, 20, 26) with 241 participants; RR, 0.70 (0.24, 2.02); I2 = 0%; P = 0.51; low certainty evidence]. CTZ had a similar risk of headache as montelukast [one study (17) with 40 participants; RR 1.00 (0.07, 14.90); P = 1.00] (Supplementary File 5.3–5.6).



Digestive system

Compared with placebo, CTZ was not associated with higher risks of nausea [two studies (19, 28) with 621 participants; RR, 0.96 (0.07, 13.69); I2 = 51%; P = 0.97; low certainty evidence], abdominal pain [six studies (23, 25, 27–29, 33) with 1,616 participants; RR, 1.22 (0.75, 1.99); I2 = 0%; P = 0.42; high certainty evidence], diarrhea [two studies (23, 30) with 192 participants; RR, 1.02 (0.27, 3.93); I2 = 0%; P = 0.97; moderate certainty evidence], vomiting [two studies (23, 24) with 192 participants; RR, 1.00 (0.17, 5.68); I2 = 0%; P = 1.00; moderate certainty evidence], and increased appetite [two studies (23, 32) with 902 participants; RR, 2.31 (0.43, 15.51); I2 = 0%; P = 0.39; moderate certainty evidence]. However, compared with other AHs, CTZ had a risk of nausea [three studies (19, 24, 26) with 669 participants; RR, 0.58 (0.11, 3.18); I2 = 17%; P = 0.53; moderate certainty evidence], abdominal pain [one study (26) with 186 participants; RR, 2.05 (0.60, 7.00); P = 0.25], and vomiting [one study (24) with 448 participants; RR, 0.48 (0.09, 2.61); P = 0.40] (Supplementary File 5.7–5.10).



Other systems

Compared with placebo, CTZ had similar likelihood of nervousness [four studies (23, 28, 30, 32) with 1,151 participants; RR, 0.76 (0.46, 1.26); I2 = 0%; P = 0.28; moderate certainty evidence] (Supplementary File 5.11), tremor [One study (30), 85 participants; RR, 1.02 (0.07, 15.84); P = 0.99], irritability [One study (22), 80 participants; RR, 3.00 (0.13, 71.51); P = 0.50], hyperkinesia [One study (32), 795 participants; RR, 0.55 (0.19, 1.63); P = 0.28], depression [One study (23), 107 participants; RR, 0.33 (0.01, 7.86); P = 0.49], respiratory tract [One study (23),107 participants; RR 0.42 (0.11, 1.54); P = 0.19], pharyngitis [One study (25), 205 participants; RR, 0.74 (0.34, 1.62); P = 0.45], epistaxis [One study (25), 205 participants, RR; 1.58 (0.45, 5.56); P = 0.47], rash [One study (28), 164 participants; RR, 7.17 (0.38, 136.66); P = 0.19], febrile convulsions [One study (32), 795 participants; RR, 0.50 (0.09, 2.69); P = 0.42], and ataxia [One study (32), 795 participants; RR, 0.99 (0.14, 7.01); P = 0.99].





Discussion


Meaning of this review

This study found moderate certainty evidence that CTZ is well established in reducing symptoms and obtaining a better QOL in children with AR from 1 to 12 weeks and has similar efficacy compared with other AHs or montelukast. CTZ might improve the allergic symptoms of rhino-conjunctivitis but not clinically decrease the severity of AD in children. Furthermore, moderate-to-low certainty evidence showed that CTZ was well tolerated and did not increase the risk of SAEs, overall AEs, cardiotoxicity, CNS (excluding somnolence), digestive system, or other systems in children. Although CTZ is widely used in pediatric clinical practice, there is currently a lack of strong evidence regarding its application in children, with reference to clinical pharmacology data obtained in adults or teenagers (37). To our best knowledge, this review first comprehensively summarizes and updates the evidence for the use of CTZ in childhood allergic diseases.



Evidence summary and update

Second-generation oral AHs are standard management for histamine-mediated allergic conditions (38), but the efficacy and safety of AHs still lead to widespread concern in children. CTZ has derived from the metabolism of hydroxyzine 30 years ago, with high specificity for the H1 receptors and antiallergic properties (6). In this review, pooled results based on RCTs evidence only supported those pediatric patients with AR or other allergic diseases with eczema would benefit from CTZ, and limited data supported the use of CTZ in children with urticaria. Theoretically, CTZ is thought to have a better pharmacokinetic profile, with rapid dose-independent absorption, no clinically relevant accumulation, and a low potential for drug interactions (39). It is only slightly metabolized in the liver and then eliminated by renal excretion (5). Nonetheless, there was no clinical evidence that oral CTZ was more effective than other oral AHs or leukotriene receptor antagonists in this review, which was also demonstrated in the clinical guidelines for pediatric chronic urticaria (40). Therefore, the management of AR or urticaria should be individualized according to the response, compliance, and economic situations of pediatric patients.

Antihistamines are among the most prescribed agents in pediatric care, and there is increasing recognition of the importance of their safety and tolerance profiles. To the best of our knowledge, first-generation AHs can cross the blood-brain barrier, bind to CNS H1 receptors, and lead to CNS-related AEs. As a relatively higher and more favorable affinity and selectivity for the H1 receptor antagonist, CTZ confers a more potent, faster onset, and longer duration of action (41). However, clinical investigations and spontaneous data analyses indicate that CTZ is also associated with an increased risk of drug-related CNS reactions (7, 8), such as somnolence, which was previously indicated by a safety evaluation of newer-generation AHs (42). In addition, the danger of AEs involving growth impairment or cognitive development is particularly important. Early Treatment of the Atopic Child (ETAC) studies revealed that CTZ did not influence growth, learning skills, and neurologic and behavioral functions (43) in children during an 18-month treatment period. Studies in adults have revealed that AHs might affect psychomotor performance and memory processing speed but not memory or cognitive impairment (44–46). Furthermore, CTZ-related cardiovascular safety events, including torsade de pointes, QT abnormalities, ventricular arrhythmia, and sudden cardiac death or cardiac arrest, have resulted in signals from drug safety databases worldwide (47, 48). Nevertheless, currently available studies in the pediatric population do not support routine electrocardiogram monitoring, except for children with inherited long QT syndrome, cardiovascular disorders, hypokalemia, or hypomagnesemia (49, 50).



Unanswered questions and future research

Uncertain issues regarding CTZ use in children remain unanswered, and more well-designed controlled trials are needed immediately. First, the guidelines did not agree on the combined use of two AHs in cases of poor reaction to single AHs with standard dosage and treatment duration (51, 52). Therefore, further trials should be carried out to determine whether increasing dosage, combinational use of two AHs, or switching to drugs with different action mechanisms can be prioritized in specific allergic diseases. Second, when patients with recalcitrant urticaria do not respond to conventional doses of CTZ (10 mg daily), doses are increased up to fourfold, in line with an off-label use recommended by current guidelines; further studies are needed to demonstrate its clinical feasibility and safety. A narrative review of a limited sample revealed that 20 mg CTZ daily (twice the recommended dose) might improve clinical efficacy, but 30 mg daily might not yield better control of moderate or severe chronic urticaria (53, 54). Third, further studies should focus on intravenously administered CTZ, which has already been approved to treat acute urticaria in children as young as 6 months of age. A narrative review reported that intravenous CTZ was non-inferior to intravenous diphenhydramine in terms of a 2-h pruritus score and was associated with fewer AEs (55). Finally, besides its relevant anti-allergic activity, studies have revealed that CTZ might have potential anti-inflammatory properties with known or unknown mechanisms, which might be new therapeutic targets for multiple pediatric allergic conditions (56, 57).



Strengths and weaknesses of this review

This systematic review has several strengths and weaknesses. Highlighting the strengths, the study, which follows the PRISMA reporting guidelines, has been e prospectively registered online. Also, to the best of our knowledge, the current largest sample of this review can provide the best evidence on the efficacy and safety of CTZ, as only RCTs with risk of bias evaluation were included. Moreover, the GRADE approach was used to assess evidence certainty. Regrettably, a critical limitation already cited is the early publication year of the eligible studies, resulting in the inability to include recent data on cetirizine use in children. In addition, we did not analyze the publication bias of certain outcomes, which might be attributed to studies with small sample sizes and insufficient studies (usually less than 10) (58). This was carefully considered in evaluating evidence certainty using the GRADE approach (Supplementary File 6).

In conclusion, this systematic review found moderate-to-low certainty evidence that CTZ could be associated with better clinical improvement and QOL in children with AR compared with placebo and has comparable efficacy with other AHs in children. Although CTZ is well tolerated in the pediatric population, except for an increased risk of somnolence, the combinational and uploading doses of CTZ still require further investigation.
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Footnotes
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Cetirizine: > 30 kg 10 mg, qd;
Terfenadine: 1 mg/kg, bid;
Astemizole: 0.2 mg/kg, qd;

Loratadine: < 30 kg 5 mg, qd;

> 30kg 10 mg, qd
T: cetirizine 10 mg/d;
C: montelukast 5 mg/d;
placebo

T: cetirizine 2.5 mg, 5 mg, 10
mg;
C: placebo

T: cetirizine 10 mg/d;
C: ketotifen 1 mg, bid;
placebo

T: cetirizine 10 mg/d;
C: levocetirizine 5 mg/d;
placebo

T: cetirizine 10 mg, qd
C: chlorpheniramine 4 mg,
qd; placebo, qd
T: cetirizine 0.2 mg/kg, qd;
C: loratadine 0.2 mg/kg, qd
T: cetirizine 5 mg/d;

C: placebo

T: cetirizine 10 mg, qd;
C: loratadine 10 mg, qd;
placebo, qd
T: cetirizine 5 mg, qd;
cetirizine 10 mg, qd;
C: placebo, qd

Efhicacy
outcomes

TSS; serum total
IgE; ECP values;
blood eosinophil
counts; PRQLQ

score

NA

TSS; serum total

IgE; ECP values;

blood eosinophil

counts; PRQLQ
score

TSS

TSS; serum total

IgE; ECP values;

blood eosinophil

counts; PRQLQ
score

TSS; serum total

IgE; ECP values;

blood eosinophil

counts; PRQLQ
score

NA

TSS

TSS

TSS

TSS

Safety outcomes

Somnolence

Cardiotoxicity

Opverall AEs; somnolence;
headache; fatigue

SAE; overall AEs

Somnolence; headache; fatigue;
nausea

Somnolence; fatigue

Central nervous system AEs

Somnolence

Overall AEs; somnolence;
insomnia; headache; abdominal
pain; diarrhea; vomiting;
increased appetite; nervousness
Somnolence; headache; nausea;
vomiting

Cardiotoxicity; headache;
abdominal pain
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1.1.1 at 1 week
Allegra L 1993 -1.2 0.8 54 -0.9 0.8 53 43.6% -0.30[-0.60, 0.00]
Jobst S 1994 -1.56 0.8 75 -1.22 0.91 83 56.4% -0.34[-0.61, -0.07] sy
Subtotal (95% Cl) 129 136 100.0% -0.32 [-0.52, -0.12] %
Heterogeneity: Chi® = 0.04, df = 1 (P = 0.85); 1> = 0%
Test for overall effect: Z = 3.16 (P = 0.002)
1.1.2 at 2 weeks
Allegra L 1993 -1.4 0.9 54 -1.1 0.8 53 10.1% -0.30[-0.62, 0.02] -
Baelde 1992-1 -0.83 0.32 46 -0.7 0.31 23  42.5% -0.13[-0.29, 0.03] w
Baelde 1992-2 -0.95 0.43 46 -0.7 0.31 23  33.2% -0.25[-0.43, -0.07] B
Jobst S 1994 -2.17 0.94 75 -1.6 1.06 83 10.8% -0.57[-0.88, -0.26] 2
Nayak 2017 -2.1 3.02 228 -1.6 3.03 229 3.4% -0.50[-1.05, 0.05] —
Subtotal (95% CI) 449 411 100.0% -0.25[-0.35, -0.14] b
Heterogeneity: Chi? = 7.16, df = 4 (P = 0.13); I*> = 44%
Test for overall effect: Z = 4.73 (P < 0.00001)
1.1.3 at 4 weeks
Chen 2006 -0.22 0.19 20 -0.09 0.09 20 Not estimable
Hsieh 2004 -3.23 1.23 20 0.92 1.62 20 51.1% -4.15[-5.04, -3.26] —i—
Lai 2002 -3.45 1.26 19 0.37 2.06 16 30.3% -3.82[-4.98, -2.66] —
Lee 2009 -3.34 1.57 26 0.91 3.37 24 18.6% -4.25[-5.73,-2.77] i
Subtotal (95% Cl) 65 60 100.0% -4.07 [-4.71, -3.43] L
Heterogeneity: Chi® = 0.27, df = 2 (P = 0.87); 1> = 0%
Test for overall effect: Z = 12.52 (P < 0.00001)
1.1.4 at 8 weeks
Chen 2006 -0.4 0.24 20 011 0.1 20 Not estimable
Hsieh 2004 -4.41 1.23 20 -0.11 1.28 20 42.0% -4.30[-5.08, -3.52] ——
Lai 2002 -4.48 1.22 19 -0.41 1.36 16 34.1% -4.07 [-4.93, -3.21] —i—
Lee 2009 -4.4 2.46 26 -0.09 1.03 24 23.9% -4.31[-5.34, -3.28] —
Subtotal (95% Cl) 65 60 100.0% -4.22 [-4.73, -3.72] e
Heterogeneity: Chi’* = 0.19, df = 2 (P = 0.91); I> = 0%
Test for overall effect: Z = 16.42 (P < 0.00001)
1.1.5 at 12 weeks
Chen 2006 -0.6 0.25 20 -0.11 0.12 20 Not estimable
Hsieh 2004 -5.51 1.2 20 -0.21 1.23 20 44.6% -5.30[-6.05, -4.55] ——
Lai 2002 -5.62 1.2 19 0.52 1.24 16 38.3% -6.14[-6.95, -5.33]
Lee 2009 -5.54 2.58 26 -0.18 1.77 24 17.0% -5.36[-6.58, -4.14] —
Subtotal (95% CI) 65 60 100.0% -5.63 [-6.14, -5.13]
Heterogeneity: Chi* = 2.44, df = 2 (P = 0.30); I> = 18%
Test for overall effect: Z = 21.94 (P < 0.00001)

-4 2 0 2

Test for subgroup differences: Chi? = 749.68, df = 4 (P < 0.00001), 1> = 99.5%

Favours CTZ group Favours Placebo group





