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Abstract

:

In April 2019, the Alberta Newborn Screening Program expanded to include screening for classic galactosemia using a two-tier screening approach. This approach secondarily identifies infants with glucose-6-phosphate dehydrogenase (G6PD) deficiency. The goals of this study were (i) to evaluate the performance of a two-tier galactosemia screening protocol, (ii) to explore the impact on and acceptability to families of reporting G6PD deficiency as a secondary finding, and (iii) assess the communication and follow-up process for positive G6PD deficiency screening results. The two-tiered galactosemia approach increased the positive predictive value (PPV) for galactosemia from 8% to 79%. An additional 119 positive newborn screen results were reported for G6PD deficiency with a PPV of 92%. The results show that there may be utility in reporting G6PD deficiency results. Most parents who participated in the study reported having some residual worry around the unexpected diagnosis; however, all thought it was helpful to know of their child’s diagnosis of G6PD deficiency. Finally, the communication process for reporting G6PD deficiency newborn screen results was determined to result in appropriate follow up of infants.
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1. Introduction


On 1 April 2019, the Alberta Newborn Screening Program expanded to include screening for classic galactosemia using a two-tiered screening approach. Although classic galactosemia is the primary target condition, other variants of galactosemia may be identified based on enzyme activity. Diagnostic erythrocyte galactose-1-phosphate uridylyltransferase (GALT) activity is expected to be absent or barely detectable in classic galactosemia, between 1 and 15% in clinical variant galactosemia, and between 15 and 25% in Duarte variant galactosemia [1,2]. Infants with classic galactosemia benefit from early detection and immediate treatment to reduce the risk of serious complications including seizures and sepsis [1,3]. This requires urgent contact with the family by the clinical metabolic team to initiate confirmatory testing and follow-up management including assessing whether the infant should be immediately placed on a lactose-restricted diet. Similarly, a lactose-restricted diet for infants with clinical variant galactosemia prevents acute complications and appears to limit the risk for long-term complications [1]. In contrast, Carlock et al. found that infants with Duarte variant galactosemia remained asymptomatic and did not benefit from dietary intervention [4].



Alberta uses an opt-out approach for newborn screening (NBS). This approach is common among NBS programs due to the significant implications of an abnormal result. Over 99% of infants in Alberta undergo NBS [5]. Classic galactosemia screening in Alberta was modeled after the approach used in the Netherlands [6]. First-tier testing was performed using the Neonatal GALT kit from PerkinElmer Inc. [7] and measures the total enzyme activity in the following series of chemical reactions via formation of NADPH+ which is quantitated. First, galactose-1-phosphate is converted to glucose-1-phosphate by the GALT enzyme. Then, glucose-1-phosphate is dehydrogenated by phosphoglucomutase to produce glucose-6-phosphate. Glucose-6-phosphate dehydrogenase (G6PD) then converts glucose-6-phosphate to 6-phosphogluconate which is lastly converted to ribulose-5-phosphate by 6-phosphogluconate dehydrogenase. Deficiencies of any of the first three enzymes result in a reduced production of NADPH+ and an abnormal first-tier result. Infants with enzyme activity below the reference interval (normal >3.8 U/dL) have to total galactose (Tgal) quantitation. Infants with high Tgal levels (≥610 µmol/L if on a lactose diet and ≥64 µmol/L if on a lactose-free diet) screen positive for galactosemia, while infants with normal or decreased Tgal levels screen positive for G6PD deficiency. Tgal quantitation therefore decreases the number of false positive newborn screens for galactosemia and allows the secondary identification of G6PD deficiency. After consultations with stakeholders in metabolics and hematology, the lab decided to report the secondary finding of G6PD deficiency because of the potential benefits of early diagnosis and treatment.



The Netherlands approach [6] was modified by factoring in the infant’s diet as indicated on the requisition. Diet-based cut-offs were derived from the current understanding of expected Tgal values in the affected and normal populations [8,9]. Infants with galactosemia on a lactose diet have well-characterized elevations of Tgal, whereas affected patients on a lactose-free diet have reduced levels of Tgal. Therefore, it is expected, but has not been reported, that infants who are incidentally on a lactose-free diet at the time of NBS collection would have lower Tgal levels. The lab chose to utilize dietary-specific cutoffs to reduce the risk of false negative results.



Since the primary target of screening is classic galactosemia, this assay is not optimized to detect all cases of G6PD deficiency. Some infants with G6PD deficiency are expected to have enzyme activity above the screening cut-off and therefore have a normal NBS result. In addition, the first-tier assay lacks sensitivity to distinguish classic galactosemia, clinical variant galactosemia, and Duarte galactosemia. Therefore, patients with clinical variant or Duarte galactosemias may have a positive classic galactosemia NBS result.



Individuals with G6PD deficiency have an increased risk of developing neonatal hyperbilirubinemia which can lead to complications such as hemolytic anemia [10]. Hemolytic anemia results from oxidative stress when an individual is exposed to environmental triggers such as infection, moth balls, fava beans, and some commonly used medications. G6PD deficiency is an X-linked recessive condition with an incidence of 1/19 worldwide [11]. It is often seen in people of African, Asian, Mediterranean, and Middle Eastern descent. The World Health Organization recommends population screening in areas where the incidence in males is greater than 3–5% [12]. Therefore, some countries such as Singapore and the Philippines screen for G6PD deficiency as a primary target in NBS [13,14].



For positive classic galactosemia NBS results, families are contacted immediately by the clinical metabolic team to assess the infant and arrange diagnostic testing and treatment. In contrast, positive NBS results for G6PD deficiency are handled less urgently. The providers are notified of the results by the NBS lab within three business days. A G6PD deficiency information sheet is sent to the ordering provider which includes instructions regarding disclosing the NBS result, assessing the infant, counselling the family about avoiding oxidative stress triggers, ordering confirmatory, and other follow-up testing (i.e., bilirubin assessment), as well as sending a routine referral to a pediatric hematology specialist.



The goals of this study were (i) to evaluate the performance of a two-tiered galactosemia screening protocol, (ii) to explore the impact on and acceptability to families of reporting G6PD deficiency as a secondary finding, and (iii) to assess the communication and follow-up process for positive G6PD deficiency NBS results.




2. Methods


2.1. Chart Review


A retrospective chart review was designed to evaluate the performance of this two-tiered approach for galactosemia NBS. Outcome data on infants who screened positive for galactosemia or G6PD deficiency born between 1 April 2019 and 31 March 2022 were recorded. The follow-up testing for each infant was reviewed, and the positive predictive value (PPV) for galactosemia and G6PD deficiency were calculated. Galactosemia PPV was calculated with and without Duarte galactosemia and clinical variant galactosemia cases based on erythrocyte GALT activity (U/g) and molecular genetic testing results. The G6PD deficiency PPV was calculated based on G6PD activity (U/g Hb). In the G6PD deficiency group, bilirubin values were recorded to determine adherence to the recommended follow-up and the possible impact of reporting G6PD deficiency via NBS.



Data analysis was descriptive in nature. Continuous variables are presented as the mean and range. Categorical variables are presented as counts and percentages. This chart review received approval from the University of Alberta Health Research Ethics Board (Pro00120081). Individual consent was not required as the data were compiled and anonymous.




2.2. Family Survey


Parents of infants with a positive G6PD deficiency NBS result who were referred and seen by pediatric hematology specialists between 1 February 2021 and 31 July 2022 were invited to participate in the study. Parents consented to participate following a discussion about the diagnosis of G6PD deficiency with a hematology specialist and were asked to complete two surveys following their appointment. The first survey was emailed shortly after the appointment and evaluated their prior awareness of G6PD deficiency and their satisfaction with the notification process for G6PD deficiency NBS results. This survey was adapted from a survey in the study by Rueegg et al. assessing parents’ experience with a positive cystic fibrosis newborn screen result [15]. The second survey was sent to parents two weeks after their appointment with pediatric hematology and assessed their adaptation to the diagnosis of G6PD deficiency. This survey was adapted from the Psychological Adaptation to Genetic Information Scale (PAGIS) survey [16]. Parents of infants with false positive NBS results were excluded from this study. As an incentive, a USD 30 gift card was emailed to participants upon completion of the second survey. All survey responses were entered directly into REDCap (Research Electronic Data Capture) [17].



Due to the small sample size, data analysis of the survey results was descriptive in nature. To evaluate the participants’ adaptation to the diagnosis of G6PD deficiency for their infant, PAGIS scoring was calculated according to instructions provided by the survey creator (personal communication). In total, there were 26 items divided among five subscales. The subscales were non-intrusiveness, support, self-worth, certainty, and self-efficacy, which describe the components of psychological adaptation to genetic information. Each item was scored based on the participant’s response to the statement ranging from strongly agree to strongly disagree. The total PAGIS unweighted score could range from 26 to 156, with higher scores suggestive of better psychological adaptation. Participants scoring greater than 96 in this scale are considered well-adapted [18]. Both weighted and unweighted total scores were calculated to allow for comparison with other published studies. Continuous variables are presented as the mean and range. Categorical variables are presented as counts and percentages. Ethics approval was obtained from the University of Alberta Health Research Ethics Board (Pro00102518) and the University of Calgary Conjoint Health Research Ethics Board (REB20-2154).





3. Results


3.1. Chart Review


Between 1 April 2019 and 31 March 2022, a total of 148,425 infants had an NBS result reported in Alberta (99.37% of all registered infants). Of these, 133 infants had first-tier enzyme activity below the screening cut-off and had second-tier Tgal quantitation. Fourteen cases had a Tgal value greater than the appropriate diet-specific cut-off and were reported as positive galactosemia NBS cases. The remaining 119 infants had Tgal values below the appropriate cut-off and were reported as positive G6PD deficiency NBS cases.



The positive galactosemia results were reported when infants were on average 9 days of age (range 4–25 days) and are further described in Table 1. Biochemical and molecular diagnostic testing revealed that one infant had classic galactosemia, one had clinical variant galactosemia, and nine had Duarte variant galactosemia. The remaining three results were determined to be false positive screens based on diagnostic testing. The PPV with variant galactosemia (clinical and Duarte) included was 79%. The PPV for classic galactosemia, excluding variant galactosemia, was 7%.



A description of the screened positive G6PD deficiency cases is provided in Table 2. G6PD deficiency NBS results were reported when the infants were an average of 6 days old (range 2–18 days) and 78% (n = 93) attended a follow-up appointment with a pediatric hematologist by the completion of the study. Appointments with pediatric hematology occurred between 19 and 520 days of age with an average age of 82 days. Confirmatory quantitative G6PD testing was completed for 113 infants; the remaining 6 infants were lost to follow-up. This testing supported a diagnosis of G6PD deficiency for 104 infants, resulting in a PPV of 92% (n = 104/113). Enzyme activity in these patients was equal to or below the limit of detection of 0.7 U/g Hb, except for one case with an activity level of 1.0 U/g Hb. The normal reference range is 8.0–13.4 U/g Hb. There were nine false positive results.



Of all babies with a positive NBS result for G6PD deficiency, 91% (n = 108/119) had a bilirubin assessment performed. The bilirubin assessment was performed before the NBS was reported for 61% (n = 66/108) of infants and, after the NBS was reported, for 39% (n = 42/108) of infants. A reference range was provided for 64 initial bilirubin assessments (before NBS = 30; after NBS = 34). Of those performed before the NBS was reported, 53% (n = 16/30) were abnormal compared to 35% (n = 12/34) when the assessment was initiated after the NBS was reported.




3.2. Family Survey


During the recruitment period, 33 infants with a confirmed diagnosis of G6PD deficiency following a positive NBS were seen through one of the two pediatric hematology clinics in the province. Of these, 23 families were invited to complete the family surveys. Four families declined and three expressed interest but did not complete the survey. The participation rate for those invited was 70% (n = 16/23). The demographic data for the 16 respondents is shown in Table 3. Most study participants were the mother of the affected child (94%; n = 15) and of Filipino descent (94%; n = 15). Approximately half of the respondents had heard of G6PD deficiency prior to NBS (44%; n = 7) and/or knew someone who had G6PD deficiency (56%, n = 9).



Most of the respondents were first informed of their child’s positive NBS for G6PD deficiency by their child’s pediatrician (Table 4). Approximately half received the information during an appointment (43%; n = 7). The remainder were told over the phone (31%; n = 5) or at the hospital (25%; n = 4). Of those told in hospital, one study participant was informed before discharge following delivery, two were informed when the newborn was admitted for jaundice, and one did not specify. Most respondents felt that sufficient information about G6PD deficiency was provided by their child’s healthcare provider before meeting with the specialist (75%; n = 12). All respondents felt that enough information was provided to them about G6PD deficiency by the specialist. Four respondents (25%) indicated that the wait between the diagnosis and the appointment with the specialist was too long. However, the wait times among these individuals differed dramatically (<7 days to >6 months).



After receiving their child’s diagnosis, but before meeting with the specialist, 12 respondents (75%) reported being somewhat worried and 4 (25%) reported being very worried (Table 5). After meeting with the specialist, 4 (25%) reported being not at all worried, and 12 (75%) reported being somewhat worried. When asked if they thought it was helpful to know of their child’s diagnosis of G6PD deficiency, all respondents answered yes.



The average PAGIS total and subscale scores are reported in Table 5. On a scale of 1 to 6, with higher scores indicating better adaptation, mean scores ranged from 3.3 for the non-intrusiveness subscale to 4.9 for the support subscale. The mean total unweighted PAGIS score was 115.0 and the weighted PAGIS score was 22.0. Three quarters of respondents (n = 12/16) had an unweighted total PAGIS score above 96, which is considered well adapted [18]. Of the 4 respondents with scores <96 (poorly adapted), none knew someone with G6PD deficiency or had heard of the condition. Half (n = 2/4) of these respondents were very worried and half (n = 2/4) were somewhat worried before meeting with the specialist and all (n = 4/4) remained somewhat worried after meeting with the specialist. In comparison, of the 8 respondents with a total unweighted PAGIS score >96 (well adapted), 67% (n = 8/12) had heard of G6PD deficiency and 75% (n = 9/12) knew someone with it. Prior to meeting with a specialist, 17% (n = 2/12) were very worried and 83% (n = 10/12) were somewhat worried, whereas after meeting with the specialist, 67% (n = 8/12) were somewhat worried and 33% (n = 4/12) were not at all worried.





4. Discussion


The first goal of this study was to evaluate the performance of a two-tiered approach to NBS for classic galactosemia. Seven percent (n = 1/14) of infants with a positive NBS result had a confirmed diagnosis of classic galactosemia and 79% (n = 11/14) had a diagnosis of either classic or a variant form of galactosemia. Therefore, the incidence of classic galactosemia over our study period (April 2019 to March 2022) in Alberta is 1/148,425 (0.7/100,000), and the incidence of galactosemia (classic and clinical variant) benefiting from early detection and immediate treatment in the same period is 2/148,425 (or 1.34/100,000). If the second-tier test was not performed, the PPV would have been 0.8% (1/133) excluding variant galactosemias and 8% (11/133) including variant galactosemias. The PPV for classic galactosemia NBS was significantly improved by the addition of the second tier and 119 babies did not require clinical assessment for classic galactosemia which minimized stress on the families, avoided burdening metabolic specialist clinics unnecessarily, and saved costs associated with referral testing.



It is also important to appreciate the impact of reporting G6PD deficiency as a secondary finding. Bilirubin assessment data suggests that there may have been increased screening for hyperbilirubinemia after a positive G6PD deficiency NBS result. In total, 42 bilirubin assessments (39%) were performed after the NBS was reported and of the 34 results with a reference range provided, 12 (35%) were abnormal. We therefore speculate that reporting G6PD deficiency during NBS may have resulted in improved detection of neonatal hyperbilirubinemia and fewer complications of untreated hyperbilirubinemia. It is challenging to assess the medical benefits related to identifying hyperbilirubinemia due to the rarity of severe complications for individuals with G6PD deficiency. To assess whether hyperbilirubinemia is frequent and serious enough to justify NBS, its incidence in patients with G6PD deficiency in Canada needs to be determined as reviewed by Leong [19]. There is likely an increasing prevalence of this disorder in Canada due to immigration from populations known to be at-risk for G6PD deficiency such as those in the Philippines. In Alberta, Canada, there was a 35% increase in people who stated their place of birth was the Philippines from 2016 to 2021 census data [20,21]. Additional data regarding the incidence of G6PD deficiency, as well as large long-term studies looking at the frequency of severe outcomes, would be required for purposeful consideration of G6PD deficiency as a primary NBS target. Further, there are limitations to our screening approach since it was designed for classic galactosemia screening and does not have a 100% sensitivity for G6PD deficiency. Although we are unable to calculate the false negative rate of the assay, the results suggest that the most severe cases of G6PD deficiency were detected as indicated by the results of diagnostic G6PD testing.



From the family perspective, parental anxiety remained for the majority (75%) of parents following the disclosure of the G6PD deficiency NBS result. However, most parents adapted well to the confirmed diagnosis within a couple weeks of meeting with a specialist. Adaptation may be influenced by awareness of the condition, as none of the parents with unweighted total PAGIS scores consistent with poor adaptation had previously heard of G6PD deficiency or knew someone with it. A comparison with adaptation to other genetic diagnoses that have been evaluated using the PAGIS measure was variable. The average unweighted total PAGIS score in this study (115.0) was similar to those of families given a diagnosis of hypertrophic cardiomyopathy (114) [22]. Compared with patients with genetically confirmed catecholaminergic polymorphic ventricular tachycardia (CPVT), parents in our study had lower scores on the non-intrusiveness subscale (3.3 vs. 3.9) but higher scores for each of the other scales (support 4.9 vs. 4.0; self-worth 4.5 vs. 4.2; certainty 4.8 vs. 4.4; self-efficacy 4.6 vs. 4.0) [23]. G6PD deficiency has a much higher prevalence than CPVT and many of our study participants were previously aware of G6PD deficiency, perhaps partly explaining the higher scores on these subscales. In contrast, the average weighted total PAGIS score of 22.0 in our study was slightly lower than scores in a study by Read et al. of families with a variety of genetic diagnoses (24.3) [16]. Limited data were provided on the diagnoses included in the study by Read et al., making speculation about the difference challenging. Based on the findings in our study, providers may consider providing patient resources to families earlier in the follow-up process and providing additional reassurance regarding the expected long-term outcome for infants with this diagnosis. This approach is supported by the results of a recent systematic review of psychosocial issues related to NBS [24]. Overall, respondents in our study felt that they had sufficient information after meeting with the specialist (n = 16/16), showing that parents’ needs were met to adapt to this unexpected health information about their infant.



While the current study did not explore healthcare providers’ views of reporting G6PD deficiency as a secondary finding on NBS, a US study found that pediatric providers in Ohio supported G6PD screening. They reported that a neonatal diagnosis of G6PD deficiency was helpful in management and the diagnosis changed their practice including increased counselling about jaundice, avoidance of hemolytic triggers, and increased bilirubin testing [25]. These providers felt that the diagnosis was generally well accepted and understood by most parents which is consistent with the results from our study.



The final goal of our study was to assess the communication and follow-up process for positive G6PD deficiency NBS results. When notified of a positive NBS for G6PD deficiency, ordering providers are directed to order several diagnostic tests including G6PD quantitative testing and a bilirubin assessment, as well as to make a referral to a pediatric hematologist. Diagnostic G6PD deficiency testing occurred for 95% of infants with a positive G6PD deficiency NBS result (n = 113/119) and a bilirubin assessment was ordered for most infants (91%; n = 108). More than three quarters (78%; n = 93/119) of the families were referred to pediatric hematology specialists for further counselling and/or follow-up testing. In total, six (5%) infants were lost to follow-up meaning a diagnostic outcome could not be recorded. This is comparable to the number of infants lost to follow up for other screened disorders in Alberta [5]. These findings suggest that the reporting process used for G6PD deficiency NBS results is acceptable and appropriate follow-up of these infants occurred following notification of the positive NBS result.



The study limitations identified are as follows. The prevalence of bilirubin assessments was determined from a review of lab data for infants with a positive G6PD deficiency NBS result and so we were unable to determine the indication for each assessment. Our data also did not provide information on the prevalence of bilirubin assessments in our study group compared with the general neonatal population. The bulk of the recruitment period for the family survey branch of this study occurred during the height of the global COVID-19 pandemic. In addition, our study relied on pediatric hematology clinics with limited staff to identified potential study participants. The study team was not able to directly invite families to complete the family survey. Patient management was directly affected due to pandemic mitigation protocols and thus, study participation fell significantly short of our expectations. Although the number of false positive screens for G6PD was small (9/113 or 8%), excluding this sub-population could have biased our results, potentially overestimating the benefits of reporting G6PD deficiency NBS results. We did not expect that infants with a false positive G6PD deficiency NBS result would be referred to pediatric hematology specialists, so we excluded them from family survey participation. Ultimately, three out of the nine cases were referred to a hematology clinic. It is also important to note that the data analyzed are specific to the Alberta population, possibly limiting the generalizability of our findings.




5. Conclusions


In summary, our study was able to evaluate a two-tiered approach to classic galactosemia NBS which allowed for the reporting of G6PD deficiency results. The data suggest that there may be utility in reporting such results. Within 3 years, the use of Tgal saved 119 infants from a false positive investigation for galactosemia. Currently, G6PD deficiency screening as a primary target is performed in a small number of programs worldwide. Here, some cases of G6PD deficiency were detected with a high specificity as part of the two-tiered classic galactosemia screening method without additional lab costs. When we evaluated the impact such results have on families, we found that anxiety remained for most parents who participated in the study, although all thought it was helpful to know of their child’s diagnosis of G6PD deficiency. The secondary finding of G6PD deficiency during NBS may lead to increased identification of neonatal hyperbilirubinemia and may decrease the incidence of episodes of hemolysis in these patients, though further longitudinal study would be required. In addition, two-tiered classic galactosemia screening saved a significant number of families from the anxiety associated with the work-up required to rule out a potential galactosemia diagnosis.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/ijns9020018/s1, Table S1. Outcome from positive newborn screening for galactosemia and Table S2. Outcome from positive newborn screening for G6PD deficiency.





Author Contributions


Conceptualization, A.B., M.L., N.A.M.W., P.B., R.R., S.C. and S.C.H.; methodology, L.O., M.L., P.B., R.R., S.C. and S.C.H.; data curation, L.O., S.C. and S.C.H.; writing—original draft preparation, L.O., M.L., S.C. and S.C.H.; writing—review and editing, A.B., L.O., M.L., N.A.M.W., P.B., R.R., S.C. and S.C.H.; funding acquisition, S.C.H. All authors have read and agreed to the published version of the manuscript.




Funding


This study was funded by the 2020–2022 Canadian Association of Genetic Counsellors (CAGC) Research Grant. N.A.M.W. is supported by the Barb Ibbotson Chair in Pediatric Hematology, Alberta Children’s Hospital Foundation.




Institutional Review Board Statement


This study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Health Research Ethics Boards of University of Alberta (protocol code Pro00120081, approved 26 May 2022, for the chart review study and protocol code Pro00102518, approved 13 October 2020, for the family survey study) and University of Calgary (protocol code REB20-2154, approved 19 February 2021, for the family survey study).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are available in Table S1: Outcome from positive newborn screening for galactosemia and Table S2: Outcome from positive newborn screening for G6PD deficiency.




Acknowledgments


The authors are very grateful to the families who participated in this study. The authors are also thankful to the nursing staff for their assistance in identifying eligible patients.




Conflicts of Interest


The authors declare no conflict of interest. The sponsor had no role in the design, execution, interpretation, or writing of this study.




References


	



Berry, G.T. Classic Galactosemia and Clinical Variant Galactosemia. 4 February 2000. Available online: https://www.ncbi.nlm.nih.gov/books/NBK1518/ (accessed on 20 September 2022).

	



Fridovich-Keil, J.L.; Gambello, M.J.; Singh, R.H.; Sharer, J.D. Duarte Variant Galactosemia. 4 December 2014. Available online: https://www.ncbi.nlm.nih.gov/books/NBK258640/ (accessed on 20 September 2022).

	



Demirbas, D.; Coelho, A.I.; Rubio-Gozalbo, M.E.; Berry, G.T. Hereditary galactosemia. Metabolism 2018, 83, 188–196. [Google Scholar] [CrossRef] [PubMed]

	



Carlock, G.; Fischer, S.T.; Lynch, M.E.; Potter, N.L.; Coles, C.D.; Epstein, M.P.; Mulle, J.G.; Kable, J.A.; Barrett, C.E.; Edwards, S.M.; et al. Developmental Outcomes in Duarte Galactosemia. Pediatrics 2019, 143, e20182516. [Google Scholar] [CrossRef] [PubMed]

	



Alberta Health Services. AHS Provincial Newborn Metabolic Screening Program Report 2021–2022. Annual Report. 2022. Available online: https://www.albertahealthservices.ca/assets/info/hp/nms/if-hp-nms-annual-reports.pdf. (accessed on 15 October 2022).

	



Welling, L.; Boelen, A.; Derks, T.G.; Schielen, P.C.; de Vries, M.; Williams, M.; Wijburg, F.A.; Bosch, A.M. Nine years of newborn screening for classical galactosemia in the Netherlands: Effectiveness of screening methods, and identification of patients with previously unreported phenotypes. Mol. Genet. Metab. 2017, 120, 223–228. [Google Scholar] [CrossRef] [PubMed]

	



PerkinElmer. Neonatal GALT Kit. Available online: https://www.perkinelmer.com/product/neonatal-galt-kit-ng-1100 (accessed on 13 February 2023).

	



Brown, L.D.; Cavalli, C.; Harwood, J.E.F.; Casadei, A.; Teng, C.C.; Traggiai, C.; Serra, G.; Bevilacqua, G.; Battaglia, F.C. Plasma Concentrations of Carbohydrates and Sugar Alcohols in Term Newborns after Milk Feeding. Pediatr. Res. 2008, 64, 189–193. [Google Scholar] [CrossRef] [PubMed]

	



Pesce, M.A.; Bodourian, S.H. Clinical significance of plasma galactose and erythrocyte galactose-1-phosphate measurements in transferase-deficient galactosemia and in individuals with below-normal transferase activity. Clin. Chem. 1982, 28, 301–305. [Google Scholar] [CrossRef] [PubMed]

	



Harcke, S.J.; Rizzolo, D.; Harcke, H.T. G6PD deficiency: An update. J. Am. Acad. Physician Assist. 2019, 32, 21–26. [Google Scholar] [CrossRef] [PubMed]

	



Nkhoma, E.T.; Poole, C.; Vannappagari, V.; Hall, S.A.; Beutler, E. The global prevalence of glucose-6-phosphate dehydrogenase deficiency: A systematic review and meta-analysis. Blood Cells Mol. Dis. 2009, 42, 267–278. [Google Scholar] [CrossRef] [PubMed]

	



WHO Working Group. Glucose-6-phosphate dehydrogenase deficiency. Bull. World Health Organ. 1989, 67, 601–611. [Google Scholar]

	



Joseph, R.; Ho, L.Y.; Gomez, J.M.; Rajdurai, V.S.; Sivasankaran, S.; Yip, Y.Y. Newborn screening in Singapore. Southeast Asian J. Trop. Med. Public Health 1999, 30 (Suppl. 2), 23–24. [Google Scholar] [PubMed]

	



Padilla, C.D. Newborn screening in the Philippines. Southeast Asian J. Trop. Med. Public Health 2003, 34 (Suppl. 3), 87–88. [Google Scholar] [PubMed]

	



Rueegg, C.S.; Barben, J.; Hafen, G.M.; Moeller, A.; Jurca, M.; Fingerhut, R.; Kuehni, C.E. Newborn screening for cystic fibrosis—The parent perspective. J. Cyst. Fibros. 2016, 15, 443–451. [Google Scholar] [CrossRef] [PubMed]

	



Read, C.Y.; Perry, D.J.; Duffy, M.E. Design and psychometric evaluation of the psychological adaptation to genetic information scale. J. Nurs. Scholarsh. 2005, 37, 203–208. [Google Scholar] [CrossRef] [PubMed]

	



Harris, P.A.; Taylor, R.; Thielke, R.; Payne, J.; Gonzalez, N.; Conde, J.G. Research electronic data capture (REDCap)—A metadata-driven methodology and workflow process for providing translational research informatics support. J. Biomed. Inform. 2009, 42, 377–381. [Google Scholar] [CrossRef] [PubMed]

	



Bates, K.; Sweeting, J.; Yeates, L.; McDonald, K.; Semsarian, C.; Ingles, J. Psychological adaptation to molecular autopsy findings following sudden cardiac death in the young. Genet. Med. 2019, 21, 1452–1456. [Google Scholar] [CrossRef] [PubMed]

	



Leong, A. Is there a need for neonatal screening of glucose-6-phosphate dehydrogenase deficiency in Canada? McGill J. Med. 2007, 10, 31–34. [Google Scholar] [CrossRef] [PubMed]

	



Statistics Canada. Immigrant Population by Selected Places of Birth, Admission Category and Period of Immigration, 2021 Census, Table: Place of Birth [Data Table]. 20 October 2022. Available online: https://www12.statcan.gc.ca/census-recensement/2021/dp-pd/dv-vd/imm/index-en.cfm (accessed on 8 February 2023).

	



Statistics Canada. Focus on Geography Series, 2016 Census, Table: Top Places of Birth of Immigrants and Recent Immigrants, Alberta, 2016 [Data Table]. 10 April 2019. Available online: https://www12.statcan.gc.ca/census-recensement/2016/as-sa/fogs-spg/Facts-PR-Eng.cfm?TOPIC=7&LANG=Eng&GK=PR&GC=48 (accessed on 8 February 2023).

	



Burns, C.; Yeates, L.; Sweeting, J.; Semsarian, C.; Ingles, J. Evaluating a communication aid for return of genetic results in families with hypertrophic cardiomyopathy: A randomized controlled trial. J. Genet. Couns. 2022. [Google Scholar] [CrossRef] [PubMed]

	



Richardson, E.; Spinks, C.; Davis, A.; Turner, C.; Atherton, J.; McGaughran, J.; Semsarian, C.; Ingles, J. Psychosocial Implications of Living with Catecholaminergic Polymorphic Ventricular Tachycardia in Adulthood. J. Genet. Couns. 2018, 27, 549–557. [Google Scholar] [CrossRef] [PubMed]

	



Tluczek, A.; Ersig, A.L.; Lee, S. Psychosocial Issues Related to Newborn Screening: A Systematic Review and Synthesis. Int. J. Neonatal Screen. 2022, 8, 53. [Google Scholar] [CrossRef] [PubMed]

	



Bernardo, J.; Nock, M. Pediatric Provider Insight Into Newborn Screening for Glucose-6-Phosphate Dehydrogenase Deficiency. Clin. Pediatr. 2015, 54, 575–578. [Google Scholar] [CrossRef] [PubMed]








[image: Table] 





Table 1. Positive galactosemia newborn screening and following diagnostic results in Alberta between April 2019 and March 2022.
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	Characteristic
	n = 14
	%





	Sex
	
	



	  Males
	7
	50



	  Females
	7
	50



	Age at report of NBS results
	9.2 days (range 4–25 days)
	



	Diagnosis
	
	



	  Confirmed classic galactosemia
	1
	7



	  Confirmed clinical variant galactosemia
	1
	7



	  Confirmed Duarte variant galactosemia
	9
	64



	  False positive
	3
	21



	Age at confirmation of diagnosis
	18.5 days (range 5–63 days)
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Table 2. Positive G6PD deficiency newborn screening and following diagnostic results in Alberta between April 2019 and March 2022.
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	Characteristic
	n = 119
	%





	Sex
	
	



	  Males
	106
	89



	  Females
	13
	11



	Age at report of NBS results
	6 days (range 2–18 days)
	



	Diagnosis
	
	



	  Confirmed G6PD deficiency
	104
	87



	  False positive
	9
	8



	   Males
	3
	



	   Females
	6
	



	  Lost to follow up
	6
	5



	Age at confirmation of diagnosis
	58 days (range 1–371 days)
	



	Follow-up with Pediatric Hematology
	
	



	  Edmonton clinic
	65
	55



	  Calgary clinic
	28
	24



	  Not seen in Pediatric Hematology
	26
	22



	Age at consult with Pediatric Hematology
	82 days (range 19–520 days)
	



	Bilirubin screening performed
	
	



	  Before NBS reported
	66
	55



	  After NBS reported
	42
	35



	  Not performed
	11
	9
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Table 3. Family survey responses to demographic questions.
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	Question
	n = 16
	%





	Respondents’ self-reported ethnicity
	
	



	  Asian
	1
	6



	  Filipino
	15
	94



	Is your child with recently confirmed G6PD deficiency your first-born child?
	
	



	  Yes
	6
	37.5



	  No
	10
	62.5



	Respondent’s self-reported relationship to child
	
	



	  Mother
	15
	94



	  Father
	1
	6



	How long have you been living in Canada?
	
	



	  Since birth
	2
	13



	  Not since birth
	14
	88



	Had you heard of G6PD deficiency before newborn screening?
	
	



	  Yes
	7
	44



	  No
	9
	56



	Do you know someone who has G6PD deficiency?
	
	



	  Yes
	9
	56



	   Family member diagnosed with G6PD deficiency
	7
	



	   Friend diagnosed with G6PD deficiency
	2
	



	  No
	7
	44
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Table 4. Family survey responses to assess initial communication and specialist communication.
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	Question
	n = 16
	%





	Who told you about the G6PD deficiency newborn screen result for your baby?
	
	



	  My child’s pediatrician
	11
	69



	  My family doctor
	2
	13



	  My midwife
	0
	0



	  Other
	3
	19



	How were you told about the G6PD deficiency newborn screen result for your baby?
	
	



	  At an appointment with my baby’s healthcare provider
	7
	44



	  By telephone
	5
	31



	  At the hospital
	4
	25



	Was enough information about G6PD deficiency provided by your baby’s healthcare provider before your appointment with the specialist?
	
	



	  Yes
	12
	75



	  No
	4
	25



	How long was it between when you were told about the G6PD deficiency newborn screen result for your baby and the appointment with the specialist?
	
	



	  7 days
	3
	19



	  7 days–1 month
	7
	44



	  1–3 months
	3
	19



	  4–6 months
	1
	6



	  >6 months
	2
	13



	Was the time between diagnosis and the appointment with the specialist reasonable?
	
	



	  It was just right
	11
	69



	  It was too short
	1
	6



	  It was too long
	4
	25



	Was enough information provided to you about G6PD deficiency by the specialist?
	
	



	  Yes
	16
	100



	Do you think it is helpful to know that your child has G6PD deficiency?
	
	



	  Yes
	16
	100
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Table 5. Family survey responses to the adapted PAGIS survey.
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	Subscale
	Scale Range
	ME
	Participant Range





	Non-intrusiveness
	1.0–6.0
	3.3
	1.2–5.0



	Support
	1.0–6.0
	4.9
	3.2–6.0



	Self-worth
	1.0–6.0
	4.5
	1.5–6.0



	Certainty
	1.0–6.0
	4.8
	3.8–5.8



	Self-efficacy
	1.0–6.0
	4.6
	3.0–6.0



	Total unweighted PAGIS score
	26.0–156.0
	115.0
	77.0–143.0



	Total weighted PAGIS score
	5.0–30.0
	22.0
	14.8–27.6
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