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Abstract 

Barriers to vaccination can significantly impact the uptake of influenza vaccines among school-aged 

children. Offering influenza vaccination within schools could reduce these barriers and promote higher 

vaccination rates. 

This commentary critically evaluates an economic evaluation comparing the cost-effectiveness of 

school-located influenza vaccination (SLIV) programs for elementary and secondary school students 

against the standard of care, i.e. vaccination in primary care settings. 

The economic evaluation suggested that SLIV could be cost-effective, particularly when considering 

indirect cost savings and spillover effects. However, the commentary highlights an insufficient 

explanation of the underlying mechanisms of spillover effects in improving cost-effectiveness, and a 

lack of discussion of similar programs aimed at boosting vaccination rates. 
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Future research should investigate population preferences, examining why parents and children opt 

for SLIV or end up taking practice-based vaccination as a spillover effect of the SLIV program. The role 

played by heterogeneity, exploring factors such as gender, ethnicity, income, and other socioeconomic 

characteristics should also be investigated to better understand the program's impact on different 

population groups. 
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Introduction 

Prevalence and impact for the individuals/caregivers 

During the 2023-24 flu season, the Centers for Disease Control and Prevention reported that only 57% 

of children aged 5-12 years and 46.9% of children aged 13-17 year received flu vaccination in the USA, 

compared to 64.5% and 53.3%, in 2019-2020.1  

Influenza can cause serious morbidity and mortality, loss of productivity and financial burden.  

Seasonal influenza spreads easily in schools and in other crowded areas. Influenza infection can result  

not only in high levels of school absenteeism but also productivity losses of their carers2, as symptoms 

can last up to 2 weeks or longer.3 

To prevent or reduce the impact of influenza, the World Health Organization recommends that school 

children and their carers are vaccinated against the virus.4 

Economic impact for individuals/healthcare system/wider economy 

The overall burden of influenza for the 2023-2024 flu season was an estimated 40 million flu-related 

illnesses, 18 million flu-related medical visits, 470,000 flu-related hospitalizations, and 28,000 flu-

related deaths.5  

The mean medical cost per ED visit was $512, with annual Emergency Departments cost burden 

estimated at $62 to $279 million.6  

Justification and aim of economic evaluation 

One of the barriers to influenza vaccination is the need for the parents and children spend time and 

money going to a primary care practice. This burden could be reduced by providing influenza 

vaccination within the school, through the school located influenza vaccination (SLIV) program. Yoo et 
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al. (2019)7 conducted the economic evaluation to understand the cost-effectiveness of the SLIV 

program and how it varies according to age groups (elementary vs secondary aged children). 

 

Aim of commentary 

This commentary aims to critically appraise the methods, and the results reported in the economic 

evaluation by Yoo et al. 2019 and expand upon the findings in the context of child vaccination 

programs. 

 

Methods 

The economic evaluation conducted by Yoo et al. (2019) assessed the cost-effectiveness of two SLIV 

programs in upstate New York during the 2015–2016 season, one in elementary schools and the other 

in secondary schools.   

For elementary schools, a stepped wedge design was employed. In the 2014–2015 school year, 24 

suburban and 18 urban schools were divided into control (no SLIV) and treatment (with SLIV) groups 

(12 suburban and 9 urban each), with samples of 10,185 and 11,511 students, respectively. By 2015–

2016, all schools were assigned to the SLIV program. In secondary schools, a cluster randomized trial 

was used, where 16 suburban and 4 urban schools were assigned to either the control or treatment 

groups (8 suburban and 2 urban each) in the 2015–2016 school year, with samples of 8,850 and 9,488 

students, respectively. School pairings within districts were adjusted based on the percentage of 

students eligible for free/reduced cost school lunch.  

In both elementary and secondary schools, parents were informed about the SLIV program via email 

(for suburban schools) or backpack fliers (for both suburban and urban schools). Student names and 
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birthdates from school directories were matched with the New York Immunization Information 

System to gather influenza vaccination data.   

Yoo et al. (2019) used decision tree models to perform cost-effectiveness analyses from a societal 

perspective, considering a one-year time horizon. Most cost and all effectiveness parameters were 

based on primary data collected during the study. Incremental cost-effectiveness ratios (ICERs) were 

presented as the cost per additional vaccinated student.  

To address uncertainties in the model parameters, the authors conducted a one-way sensitivity 

analysis and a probabilistic sensitivity analysis using Monte Carlo simulations, assigning distributions 

to the parameters. The study evaluated two effectiveness measures: (1) the difference in the 

proportion of students vaccinated "Anywhere" (schools and primary care centres); and (2) the 

difference in the proportion of students vaccinated in SLIV clinics.  

The study estimated three cost components for the SLIV program: (A) school costs, including non-

labour material expenses (e.g., supplies, distribution of information to parents), labour costs for school 

staff (e.g., attending preparatory meetings, escorting students), and the cost of the web-consent 

system; (B) project coordination costs, covering expenses related to coordinating activities; and (C) 

vendor costs, which encompassed the vendor's costs for administering vaccinations (labour for 

administering SLIV vaccinations and billing insurers) as well as material costs (e.g., vaccine purchase, 

refrigeration, and medical supplies). Additionally, averted costs (D) were calculated, representing the 

savings to parents who would otherwise accompany their child to a primary care visit for an influenza 

vaccination. All costs were reported in 2015 US dollars.  

 

Results 

When excluding averted costs and spillovers (i.e., where SLIV serves as a "reminder" that increases 

vaccination rates in primary care practices) from the analysis, the ICER estimates for the SLIV program 
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were comparable between elementary and secondary schools ($85.71 vs. $86.51 per additional child 

vaccinated). When spillover effects to primary care practices were considered, SLIV programs in 

secondary schools were more cost effective than those in elementary schools ($53.40 vs. $80.53 per 

additional child vaccinated?). Accounting for averted costs decreased the ICERs for the SLIV program 

in elementary and secondary schools significantly ($48.90 vs. $49.70 without spillovers, and $46.89 

vs. $36.57 with spillovers). In this scenario, the mean ICER for all schools and the ICER for secondary 

schools was lower than the mean cost of vaccination at primary care practices. The probabilistic 

sensitivity analysis yielded very similar results.  

Previous studies by the same authors from 2009-2010 and 2010-2011,8,9 estimated ICERs of around 

$65 per additional child vaccinated in elementary schools through SLIV , excluding spillover effects. In 

contrast, the 2015-2016 program for elementary schools showed a higher ICER of $85.71. This 

increase in the ICER is attributed to the introduction of the web consent system, which added $0.57 

per eligible child and $12.97 per additionally vaccinated child, along with increased project 

coordination expenses amounting to $1.70 per eligible child and $38.81 per additionally vaccinated 

child. However, when accounting for potential spillover effects differences in ICERs reduced: the 2009-

2010 and 2010-2011 programs showed ICERs of $72.56 and $63.35, respectively, while the 2015-2016 

program presented a slightly higher ICER of $80.53.  

A one-way sensitivity analysis revealed that the ICER estimates were most sensitive to effectiveness 

parameters, particularly the primary effectiveness measure (vaccination rate among children in SLIV 

schools), but remained robust against cost parameters.  

A break-even analysis indicated that, for SLIV and primary care practice-based vaccinations to achieve 

the same efficiency, the percentage of vaccinated students in all schools would need to increase from 

4.4% to 15.1% when averted parental costs are not considered. If these costs were considered, the 

required percentage would drop to 11.6%.  
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Commentary  

Critical appraisal 

We evaluated the study by Yoo et al. (2019) using a checklist comprising selected questions from three 

widely recognized quality appraisal tools in economic literature.10–12 The study effectively identified 

the decision problem, perspective, model structure, and cost components of the economic evaluation, 

and it provided a reasonable interpretation of the results (Table 1). Only minor concerns were noted 

regarding the discussion of certain results. 

The authors assert that SLIV programs may be more cost-effective than primary care practice-based 

vaccinations when both averted costs and spillover effects are considered ($36 vs. $45 per 

vaccination) (cite). However, they do not elaborate on the mechanisms for this conclusion. Spillover 

effects—where SLIV serves as a "reminder" that increases vaccination rates in primary care practices—

imply that the average costs for primary care vaccinations would need to decrease significantly to 

offset the higher costs associated with SLIV. A detailed discussion of these cost dynamics and the cost 

structure of primary care practices would be necessary to help interpreting these results. 

Additionally, the authors rely on the average cost of vaccination derived from a stratified random 

sample of paediatric practices in New York State. In their prior work,8,13 they reported substantial 

variation in vaccination costs, with the mean of costs approximating their 75th percentile. A discussion 

on the generalizability of this average cost to the specific regions studied would provide valuable 

context. 

Finally, since spillover effects are incorporated into the analysis, the study assumes that SLIV are 

complementary to practice-based vaccinations. But in that case, the discussion should focus on 

comparing the cost-effectiveness of SLIV to alternative (substitute) strategies aimed at increasing 

overall vaccination rates among children (and not to primary care-based vaccinations). 
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Implications for policy/practice 

The study by Yoo et al. (2019) offers a comprehensive estimate of the cost per additional child 

vaccinated through the SLIV program. While SLIV is generally more expensive than traditional 

vaccination methods, it is an effective strategy to increase overall vaccination rates. Policymakers 

must weigh these higher costs against the benefits of vaccinating more children, such as reduced 

illness,14 lower absenteeism among children15–17 and parents,17–19 decreased healthcare expenses,20,21 

and reduced virus transmission within households and communities. 22,23 

The study also emphasizes the role of "reminders" in SLIV campaigns, which encourage parents or 

children to seek vaccinations at primary care facilities. This raises a critical question: how effective 

might other influenza vaccination promotion strategies, such as targeted advertising or alternative 

reminder systems, be in achieving similar results?24 A comparative evaluation of the cost-effectiveness 

of these alternatives versus SLIV could provide valuable insights for evidence-based policymaking. 

The cost-effectiveness of SLIV is influenced by its fixed cost structure (staff and overheads). Assuming 

the SLIV was not performing at capacity, attracting more children to the program could reduce the 

average cost per vaccination, making it more economically viable. Decision-makers should consider 

pairing SLIV with other cost-effective strategies to promote both vaccination uptake and program 

awareness. If SLIV proves to be cost-effective in boosting vaccination rates, it could be scaled up to 

other schools across the US. Moreover, economies of scale may be achieved if vaccines can be 

administered across multiple schools within a region without significantly raising costs. For example, 

if a team can serve several schools, then the costs of staff and equipment may be diluted through an 

increase in the number of vaccinated students, thus lowering average costs. 

However, while scaling up offers potential benefits, it also poses risks. Cultural differences across 

regions may affect the acceptability of the SLIV program, which could impact its effectiveness and 
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adoption rates.25–27 Furthermore, the study suggests that SLIV and practice-based vaccinations 

complement each other. But if scaling up makes them substitute, expanding SLIV might lead to 

"cannibalization",28 where individuals shift from primary care vaccinations to SLIV. If the increase in 

SLIV uptake is not enough to reach the breakeven point, where SLIV would become cheaper than 

practice-based vaccinations, then this may result in higher costs per vaccinated child. 

  

Recommendations for future research 

To complement the understanding of cost-effectiveness, it is crucial to explore why children and 

parents made their specific choices regarding SLIV. Qualitative studies could provide insights into why 

children were vaccinated at school or why their parents opted for primary care practices despite (or 

due to) the SLIV program.29  

Additionally, understanding the heterogeneity in SLIV and SLIV-induced practice-based vaccination 

adherence is important. For instance, how does adherence vary by gender, ethnicity, income, and 

other socioeconomic factors?25,27,30,31 Would different interventions be more effective for different 

sub-groups? These analyses could shed light on the program's impact on vaccination inequalities.32–34  

It would also be important to compare the costs of vaccinating an extra child against its benefits (e.g., 

avoided hospital visits, lower work and school absence). Future research should draw on existing 

literature24 and/or new data to model whether the additional vaccinations through SLIV provide 

enough benefits to outweigh the costs. Future research efforts should also compare SLIV with other 

interventions aimed at increasing vaccination coverage.35,36  

Testing the resilience of SLIV in new contexts and over time is essential to determine if its efficacy is 

maintained or if vaccination rates fluctuate, either increasing (e.g., through growing recognition) or 

decreasing (e.g., due to losing novelty).37–39 
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Evaluating SLIV in other localities is also important to understand if these effects are generalizable 

across the USA or specific to Monroe County, New York. 

Finally, in the study by Yoo et al. (2019), web consent and paper-based consent were applied 

differently between primary and secondary schools. For a correct comparison of cost-effectiveness, 

web consent should also be tested consistently across schools, either elementary against elementary 

or secondary against secondary schools. 

Conclusions 

This commentary critically appraised the economic evaluation by Yoo et al. (2019) on the cost-

effectiveness of the SLIV program. The study was found to be methodologically robust, with only 

minor concerns noted in the discussion of certain results. Specifically, the study does not explore the 

mechanisms by which spillover effects influence cost-effectiveness and lacks a comparative discussion 

of SLIV against other strategies aimed at increasing vaccination uptake among school-aged children. 

A better understanding of public preferences for SLIV and the resulting spillover effects could enhance 

the effectiveness of programs aimed at boosting influenza vaccination rates among school-aged 

children. 

 

 

 

Funding 

This research was partly-funded by the National Institute for Health and Care Research Applied Research 

Collaboration North West Coast (NIHR ARC NWC). The views expressed are those of the authors and not necessarily 

those of the NHS, the NIHR, or the Department of Health and Social Care. 



11 
 

References 

1 Centers for Disease Control and Prevention. Flu Vaccination Coverage, United States, 2023–24 
Influenza Season. FluVaxView. 2024; published online Sept 25. 
https://www.cdc.gov/fluvaxview/coverage-by-season/2023-2024.html (accessed Jan 31, 2025). 

2 Fraaij PLA, Heikkinen T. Seasonal influenza: the burden of disease in children. Vaccine 2011; 29: 
7524–8. 

3 Molinari N-AM, Ortega-Sanchez IR, Messonnier ML, et al. The annual impact of seasonal influenza 
in the US: Measuring disease burden and costs. Vaccine 2007; 25: 5086–96. 

4 World Health Organization. Global action plan for influenza vaccines: global progress report 2006-
2016. Geneva: World Health Organization, 2019 https://iris.who.int/handle/10665/329300 
(accessed Jan 2, 2025). 

5 Centers for Disease Control and Prevention. Preliminary Estimated Flu Disease Burden 2023–2024 
Flu Season. Flu Burd. 2025; published online Jan 14. https://www.cdc.gov/flu-burden/php/data-
vis/2023-2024.html (accessed Jan 31, 2025). 

6 Fairbrother G, Cassedy A, Ortega-Sanchez IR, et al. High costs of influenza: Direct medical costs of 
influenza disease in young children. Vaccine 2010; 28: 4913–9. 

7 Yoo B-K, Schaffer SJ, Humiston SG, et al. Cost effectiveness of school-located influenza vaccination 
programs for elementary and secondary school children. BMC Health Serv Res 2019; 19: 407. 

8 Yoo B-K, Humiston SG, Szilagyi PG, Schaffer SJ, Long C, Kolasa M. Cost effectiveness analysis of 
elementary school-located vaccination against influenza—Results from a randomized controlled 
trial. Vaccine 2013; 31: 2156–64. 

9 Yoo B-K, Humiston SG, Szilagyi PG, Schaffer SJ, Long C, Kolasa M. Cost effectiveness analysis of Year 
2 of an elementary school-located influenza vaccination program–Results from a randomized 
controlled trial. BMC Health Serv Res 2015; 15: 511. 

10 Appraisal Skills Programme. Economic Evaluation Checklist - CASP. CASP - Crit. Apprais. Ski. 
Programme. 2018. https://casp-uk.net/casp-tools-checklists/economic-evaluation-checklist/ 
(accessed Jan 31, 2025). 

11 Drummond MF, Sculpher MJ, Claxton K, Stoddart GL, Torrance GW. Methods for the 
Economic Evaluation of Health Care Programmes. Oxford University Press, 2015. 

12 Philips Z, Ginnelly L, Sculpher M, et al. Review of guidelines for good practice in decision-
analytic modelling in health technology assessment. Health Technol Assess 2004; 8. 
DOI:10.3310/hta8360. 

13 Yoo B-K, Szilagyi PG, Schaffer SJ, et al. Cost of Universal Influenza Vaccination of Children in 
Pediatric Practices. Pediatrics 2009; 124: S499–506. 

14 Centers for Disease Control and Prevention. Flu Burden Prevented from Vaccination 2019–
2020 Flu Season. Flu Burd. 2023. https://archive.cdc.gov/www_cdc_gov/flu-burden/php/data-vis-
vac/2019-2020-prevented.html (accessed Dec 6, 2024). 



12 
 

15 Kjos SA, Irving SA, Meece JK, Belongia EA. Elementary School-Based Influenza Vaccination: 
Evaluating Impact on Respiratory Illness Absenteeism and Laboratory-Confirmed Influenza. PLoS 
ONE 2013; 8: e72243. 

16 King JC, Beckett D, Snyder J, Cummings GE, King BS, Magder LS. Direct and indirect impact of 
influenza vaccination of young children on school absenteeism. Vaccine 2012; 30: 289–93. 

17 Nettleman MD, White T, Lavoie S, Chafin C. School Absenteeism, Parental Work Loss, and 
Acceptance of Childhood Influenza Vaccination. Am J Med Sci 2001; 321: 178–80. 

18 Neuzil KM, Hohlbein C, Zhu Y. Illness Among Schoolchildren During Influenza Season: Effect 
on School Absenteeism, Parental Absenteeism From Work, and Secondary Illness in Families. Arch 
Pediatr Adolesc Med 2002; 156: 986. 

19 National Poll on Children’s Health. Sick kids, struggling parents. Natl. Poll Child. Health. 2012; 
published online Oct 22. https://mottpoll.org/reports-surveys/sick-kids-struggling-parents 
(accessed Dec 6, 2024). 

20 Adams K, Weber ZA, Yang D-H, et al. Vaccine Effectiveness Against Pediatric Influenza-A–
Associated Urgent Care, Emergency Department, and Hospital Encounters During the 2022–2023 
Season: VISION Network. Clin Infect Dis 2024; 78: 746–55. 

21 Salo H, Kilpi T, Sintonen H, Linna M, Peltola V, Heikkinen T. Cost-effectiveness of influenza 
vaccination of healthy children. Vaccine 2006; 24: 4934–41. 

22 Loeb M, Russell ML, Moss L, et al. Effect of Influenza Vaccination of Children on Infection 
Rates in Hutterite Communities: A Randomized Trial. JAMA 2010; 303: 943. 

23 Weycker D, Edelsberg J, Elizabeth Halloran M, et al. Population-wide benefits of routine 
vaccination of children against influenza. Vaccine 2005; 23: 1284–93. 

24 Norman DA, Barnes R, Pavlos R, et al. Improving Influenza Vaccination in Children With 
Comorbidities: A Systematic Review. Pediatrics 2021; 147: e20201433. 

25 Smith LE, Amlôt R, Weinman J, Yiend J, Rubin GJ. A systematic review of factors affecting 
vaccine uptake in young children. Vaccine 2017; 35: 6059–69. 

26 Anderson K-AM, Creanza N. Internal and external factors affecting vaccination coverage: 
Modeling the interactions between vaccine hesitancy, accessibility, and mandates. PLOS Glob 
Public Health 2023; 3: e0001186. 

27 Keselman A, Arnott Smith C, Wilson AJ, Leroy G, Kaufman DR. Cognitive and Cultural Factors 
That Affect General Vaccination and COVID-19 Vaccination Attitudes. Vaccines 2022; 11: 94. 

28 De Giovanni P, Ramani V. Product cannibalization and the effect of a service strategy. J Oper 
Res Soc 2017; published online April 21. DOI:10.1057/s41274-017-0224-5. 

29 Diks ME, Hiligsmann M, van der Putten IM. Vaccine preferences driving vaccine-decision 
making of different target groups: a systematic review of choice-based experiments. BMC Infect Dis 
2021; 21: 879. 

30 Smith PJ, Chu SY, Barker LE. Children Who Have Received No Vaccines: Who Are They and 
Where Do They Live? Pediatrics 2004; 114: 187–95. 



13 
 

31 Bocquier A, Ward J, Raude J, Peretti-Watel P, Verger P. Socioeconomic differences in 
childhood vaccination in developed countries: a systematic review of quantitative studies. Expert 
Rev Vaccines 2017; 16: 1107–18. 

32 Tiley KS, White JM, Andrews N, Ramsay M, Edelstein M. Inequalities in childhood vaccination 
timing and completion in London. Vaccine 2018; 36: 6726–35. 

33 Fisher H, Trotter CL, Audrey S, MacDonald-Wallis K, Hickman M. Inequalities in the uptake of 
Human Papillomavirus Vaccination: a systematic review and meta-analysis. Int J Epidemiol 2013; 
42: 896–908. 

34 Sacre A, Bambra C, Wildman JM, et al. Socioeconomic inequalities in vaccine uptake: A 
global umbrella review. PLOS ONE 2023; 18: e0294688. 

35 Siddiqui FA, Padhani ZA, Salam RA, et al. Interventions to Improve Immunization Coverage 
Among Children and Adolescents: A Meta-analysis. Pediatrics 2022; 149: e2021053852D. 

36 Szilagyi P, Vann J, Bordley C, et al. Interventions aimed at improving immunization rates. 
Cochrane Database Syst Rev 2002; : CD003941. 

37 Copeland L, Littlecott H, Couturiaux D, et al. The what, why and when of adapting 
interventions for new contexts: A qualitative study of researchers, funders, journal editors and 
practitioners’ understandings. PLOS ONE 2021; 16: e0254020. 

38 Evans RE, Craig P, Hoddinott P, et al. When and how do ‘effective’ interventions need to be 
adapted and/or re-evaluated in new contexts? The need for guidance. J Epidemiol Community 
Health 2019; 73: 481–2. 

39 Moore G, Campbell M, Copeland L, et al. Adapting interventions to new contexts—the 
ADAPT guidance. BMJ 2021; : n1679. 

 

 

  



14 
 

Table 1. Critical appraisal tool 

# Question Answer 

 A. Rationale  

A1 Is there a clear statement of the decision problem? 

☒ Yes     
☐ No   
☐ Unclear 
☐ Not applicable 

 B. Effectiveness  

B1 Was the effectiveness of the intervention established on a systematic review? 

☐ Yes     
☒ No   
☐ Unclear 
☐ Not applicable 

 C. Comparators  

C1 
Was a comprehensive description of the competing alternatives given? (i.e. can you 
tell who did what to whom, where, and how often) 

☒ Yes     
☐ No   
☐ Unclear 
☐ Not applicable 

 D. Model perspective and structure  

D1 Is the perspective of the model clearly stated? 

☒ Yes     
☐ No   
☐ Unclear 
☐ Not applicable 

D2 
Are the model structure and its assumptions appropriate and do they fit with the 
clinical theory of the disease process? 

☒ Yes     
☐ No   
☐ Unclear 
☐ Not applicable 

 E. Costs  

E1 Were all important and relevant costs for each alternative identified?  

☒ Yes     
☐ No   
☐ Unclear 
☐ Not applicable 

E2 Were costs measured and valued appropriately? 

☒ Yes     
☐ No   
☐ Unclear 
☐ Not applicable 

 F. Outcomes  

F1 Were all important and relevant outcomes for each alternative identified? 

☒ Yes     
☐ No   
☐ Unclear 
☐ Not applicable 

F2 Were outcomes measured and valued appropriately? 

☐ Yes     
☐ No   
☒ Unclear 
☐ Not applicable 
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# Question Answer 

 G. Analysis  

G1 Was the analysis designed appropriately?  

☒ Yes     
☐ No   
☐ Unclear 
☐ Not applicable 

G2 
Were the methods and assumptions used to extrapolate short-term results to final 
outcomes been documented and justified? 

☐ Yes     
☐ No   
☐ Unclear 
☒ Not applicable 

G3 Was uncertainty in the estimates of costs and outcomes adequately characterised? 

☒ Yes     
☐ No   
☐ Unclear 
☐ Not applicable 

 H. Presentation and discussion of 
findings 

 

H1 Were the results interpreted appropriately?  

☒ Yes     
☐ No   
☐ Unclear 
☐ Not applicable 

H2 
Did the study discuss the generalisability of the results to other settings and 
patient/client groups? 

☒ Yes     
☐ No   
☐ Unclear 
☐ Not applicable 

H3 
Did the study allude to, or take account of, other important factors in the choice or 
decision under consideration (e.g. distribution of costs and consequences, relevant 
ethical issues, or issues of implementation)? 

☒ Yes     
☐ No   
☐ Unclear 
☐ Not applicable 

 I. Transferability to UK NHS  

I1 
Are the health care system, setting, comparator and patient group comparable to the 
UK and to the NHS? 

☒ Yes     
☐ No   
☐ Unclear 
☐ Not applicable 
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