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Purpose: This study aims to evaluate the cost-effectiveness of chin tuck against resistance (CTAR) for citizens suffering from 
dysphagia compared to the standard municipal treatment in Denmark.
Patients and Methods: A cost-utility analysis, employing a municipal perspective, was conducted using cost data collected 
alongside clinical data of a randomized controlled trial evaluating the effect of CTAR training for citizens with dysphagia. The 
composition of the clinical randomized controlled trial, which included citizens with different diagnoses, means that participants had 
different disease courses. Ninety-two citizens from seven different Danish municipalities were enrolled, of whom 43 received standard 
care, and 49 received CTAR in addition to standard care. The effect outcome of the economic evaluation was quality-adjusted life 
years (QALY), estimated using the EQ-5D-5L questionnaire. Individual resource consumption of each citizen was determined based 
on the use of home care, home nursing care, physio- and occupational therapy, dietitian guidance, and hospital admissions. The 
incremental costs and QALYs between the intervention group (CTAR in addition to standard care) and standard care group were 
estimated using regression analysis, and sensitivity analyses were performed to investigate the robustness of the results.
Results: The base case analysis showed that the intervention group was dominant compared to the standard care group, with 
a decrease in incremental costs of £542.38 and an increase in incremental QALYs of 0.0118. All sensitivity analyses demonstrated 
similar findings as the base case analysis, supporting the robustness of the results.
Conclusion: This study found that the intervention group was the dominant alternative, hence being more effective and cost-saving, 
compared to the standard care group in a Danish municipality perspective with a three-month time horizon. This study adds to the 
scarce evidence on the cost-effectiveness of CTAR in a Danish clinical setting, but further studies should focus on estimating long- 
term cost-effectiveness.
Keywords: cost-utility analysis, exercise, swallowing disorders, municipality, quality of life

Introduction
The swallowing disorder called dysphagia poses a physiological, social, and psychological burden for the individual and 
an increased financial cost for national health-care systems.1,2 International and Danish studies demonstrate that the 
hospital- and municipality costs of patients with dysphagia are significantly higher than those without dysphagia.1,3,4 The 
increase in hospitalization and admission cost in dysphagia patients can be associated with increased length of stay, 
diagnostic testing, and additional treatment.1 Moreover, dysphagia is associated with an overall increase in the cost of 
care, as health-care consumption of the individual is increased due to, among others, prolongation of hospital stay, 
discharge to nursing homes rather than the individual’s own home, comorbidities, additional treatments, and institutio-
nalization of geriatric patients with dysphagia.2,3,5–8
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Self-reported prevalence of dysphagia ranges between 2.3% and 16% in the population, but the prevalence increases 
with age. The condition is more commonly seen in individuals aged 65 years and older, with a prevalence of 52.7% in 
elders living in nursing homes.3,5–7 Besides being a result of higher age, dysphagia can also occur due to disease and is 
seen in individuals with established dementia, stroke, cancer, and Parkinson’s disease.2,3,5,7,9 Dysphagia is associated 
with lower respiratory infections, malnutrition, dehydration, frailty, pneumonia, increased admissions and re-admissions 
rates, reduced quality of life (QoL), and increased risk of mortality.2,3,5,7,9–12 Moreover, dysphagia has been associated 
with poor functional capacity, multimorbidity, polymedication, and frailty.5

Implementation of preventive strategies, including screening, nursing, and compensatory strategies, have been 
suggested to reduce health-related costs associated with dysphagia.5,7 Furthermore, intervention-based exercises improv-
ing the physiology of deglutition have proven beneficial and could potentially result in reduced health-related costs.3,5,6,13 

It is reported that the rehabilitative exercise “chin tuck against resistance” (CTAR) increases swallowing function 
significantly through its impact on the suprahyoid muscles and improves psychological state in patients with neurological 
diseases.14–16

To our knowledge, cost-effectiveness analyses have yet to be made to analyze whether CTAR is a cost-effective 
strategy. In Denmark, the focus on dysphagia has gone from being centralized in hospitals to an increased focus on 
dysphagia in municipalities as well.4 The municipalities have an incentive for preventive- and rehabilitative initiatives, as 
they co-finance the consumption of regional health-care services, such as hospital care and other specialist care, by 
approximately 17%.17 Hence, prevention of admissions, re-admissions, and a reduced need for hospital care could pose 
a financial incitement for the municipalities. Moreover, as citizens become more self-reliant, it could be speculated that 
their needs for municipal home care will also be reduced.

This study aims to evaluate the cost-effectiveness of CTAR for citizens suffering from dysphagia compared to 
standard municipal treatment. The study will be conducted as a cost-utility analysis (CUA) from a Danish municipal 
perspective.

Materials and Methods
CUA was conducted with cost data collected alongside clinical data from a randomized controlled trial (RCT) evaluating 
the effect of CTAR training for citizens with dysphagia.18 The RCT was conducted from March 2019 to October 2020 
and included citizens from seven Danish municipalities (Hjørring, Frederikshavn, Jammerbugt, Kolding, Tønder, 
Brøndby, and Odense). Citizens who fulfilled the inclusion criteria of ≥18 years and were diagnosed with dysphagia, 
confirmed by volume viscosity swallow test (V–VST), the Minimal Eating Observation form – version II (MEOF-II), and 
understood and gave informed consent were included. Exclusion criteria comprised severe dementia or other cognitive 
impairments, citizens in the palliative stage, and citizens with feeding tubes. When participants had signed an informed 
consent, the occupational therapist (OT) randomized them 1:1 to either standard care or the intervention group (CTAR in 
addition to standard care), using the Research Electronic Data Capture (REDCap), hosted at the North Denmark 
Region.19,20 REDCap is a secure, web-based software platform that supports data capture for research studies.

The standard care group consisted of two visits from an OT and a dietitian to educate about dysphagia, optimal sitting 
position, viscosities, and calorie-and protein intake. The intervention group was offered standard care, plus an interven-
tion consisting of CTAR. The intervention group received a visit twice a week for 6 weeks from an OT who introduced 
participants to CTAR and ensured the exercise was performed correctly. They were instructed to perform CTAR three 
times a day for 6 weeks.18

Data Collection
The economic evaluation followed the International Society for Pharmacoeconomics and Outcomes Research (ISPOR) 
guideline for conducting health economic evaluations alongside clinical trials21 and the Consolidated Health Economic 
Evaluation Reporting Standards (CHEERS) for economic evaluations.22 The time horizon for the analysis was restricted 
to 3 months, and a Danish municipality perspective was applied. The perspective included costs accumulated within the 
municipality sector and the municipal co-financing of regional health-care costs, including hospital admissions and 
outpatient visits.
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Cost Accumulation and Resource Consumption
All costs are reported as British Pounds (£) at 2020 value. Costs were inflated by the Danish consumer price index23 and 
converted from Danish Krones (DKK) to British Pounds (£) (exchange rate used from The Bank of England on 
22 September 2022: £1 = 8.5309 DKK).24 The collection of costs was differentiated into municipal and regional resource 
consumption. Municipal resource consumption was collected for each citizen using local registers and consisted of home 
care, home nursing care, physio- and occupational therapy, and dietitian guidance. The hourly consumption related to the 
elements of municipal services was identified for each citizen via registration in the municipality. Data were extracted via 
the Danish Civil Registration System (CPR). A national average hourly wage rate was utilized for municipal consump-
tion to value the resource consumption of each citizen.25 For the valuation of regional resource consumption, consisting 
of costs related to hospitalizations, relevant Diagnosis-Related Groups (DRG) tariffs were assigned based on information 
on the length of stay and diagnosis. DRG tariffs are used to reimburse Danish hospitals and reflect the average costs for 
treating patients with similar diagnoses and courses of treatment at a Danish hospital.26,27 Table S1 provides an overview 
of the applied DRG tariffs.

Due to the perspective of the analysis, only the amount related to the municipal co-financing was included, 
corresponding to 17% of the DRG tariff. Furthermore, a cost for the training ball used for the CTAR exercise program 
was included in the total cost estimate for the intervention group. The protocol-driven costs, such as training the OTs in 
using the questionnaires for outcome measurement, were not included.

Measurement of Health Outcomes
The health outcome of this economic evaluation was quality-adjusted life years (QALY), which was estimated using the 
EQ-5D-5L questionnaire,28 a generic questionnaire consisting of five dimensions (mobility, self-care, usual activities, 
pain/discomfort, and anxiety/depression).

The EQ-5D-5L was completed at baseline and 3 months for both groups and at 6 weeks for the intervention group. 
Estimations of HRQoL were converted into EQ-5D-5L index scores using Danish societal weights.29 Citizens dying 
during the study received an EQ-5D-5L index score of zero. For each of them, QALYs were calculated by assuming 
linear interpolation between the two measurements of HRQoL at baseline and 3 months.

Additional data on health outcomes were also collected for both groups at baseline and 3 months, and at 6 weeks for 
the intervention group, eg the V–VST and the MEOF-II to assess dysphagia, and the Dysphagia Handicap Index (DHI- 
DK) and Barthel 20 index to assess QoL and functional capacity. Demographic data on age, height, weight, and housing 
were collected at inclusion for everyone. Data was collected by OTs in the municipalities and entered in REDCap.

Data Analysis
The analysis is based on the intention-to-treat principle. Missing data were assumed to be missing at random (MAR), and 
multiple imputation was applied.30 A description of the applied imputation model is available in the Supplementary 
Material Table S2.

For descriptive analysis, data were reported as means and standard deviations (SD), and mean differences between the 
intervention group and standard care group were presented as raw, unadjusted differences. Student’s t-test evaluated 
P-values for between-group differences for continuous variables and Pearson’s X2 evaluated for binary variables. 
A p-value < 0.05 indicates a statistically significant difference between groups, and all significance tests were two-tailed.

The estimates of incremental costs and QALYs between the intervention group and standard care group were based 
on a generalized linear model (GLM) with a robust variance estimator. The QALY and cost estimates were adjusted for 
baseline HRQoL, as the citizens’ HRQoL at follow-up, as well as their resource use during the follow-up period, are 
believed to be highly correlated to their HRQoL at baseline. Adjustment for baseline utility is especially important in 
case of baseline between-group imbalance, and failure to do so may bias the result.31 All statistical analyses were 
performed in Stata, version 17.0 (STATA Corporation, College Station, USA).

Sensitivity analyses were performed to investigate the robustness of the base case analysis. The sensitivity analyses 
were composed of three scenario analyses presented in the following.
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● Scenario 1: As a base case analysis but excluding citizens with more than 7 days of hospitalization. Citizens in 
intervention groups with hospitalizations longer than 7 days could not receive the training program, and citizens 
with prolonged hospitalizations could potentially drive the costs of the intervention.

● Scenario 2: As a base case analysis, but with the inclusion of the EQ-5D-5L measurement in the intervention group 
at 6 weeks. To include the temporary increase in HRQoL obtained directly after the training programme.

● Scenario 3: As the base case analysis but only conducted on complete cases.

All analyses were subject to probabilistic sensitivity analysis (PSA) by drawing 10,000 trial simulations. Correlated 
draws were obtained using the variance-covariance matrices from the GLM models and Cholesky’s decomposition. The 
results for all analyses were visualized in a cost-effectiveness plane and using cost-effectiveness acceptability curves.

Results
In total, 94 citizens were enrolled in the trial. Two citizens were excluded due to missing data on their dysphagia 
diagnosis, leaving 92 citizens to be included in the analysis (Figure 1). Of the 92 citizens, 12 was lost to follow-up 
(intervention group = 6, standard care group = 6). Of the remaining 80 citizens, three died during the study (intervention 
group = 2, standard care group = 1) and received an EQ-5D-5L index score of zero.

At baseline, statistically significant between-group differences were detected for total score on EQ-5D-5L scores 
(p=0.016) and DHI-DK scores (p=0.003) (Table 1).

Table 2 presents the mean value of the measured health outcomes at different time points: baseline, 6 weeks (only 
intervention group), and 3 months (both the intervention group and standard care group). The presented values are the 
non-imputed and unadjusted values. A significant difference was detected between the measurement at baseline of EQ- 
5D-5L and DHI-DK, but no difference at 3-month follow-ups.

In Table 3, the resource consumption and the applied unit costs are presented. The results in the table present the 
unadjusted differences in resource consumption between the intervention group and standard care group. Based on the 
results, it is evident that the intervention group had a slightly lower utilization of homecare services but an increased use 

Figure 1 Flowchart of inclusion of citizens in the economic evaluation.
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of nursing and occupational therapy compared to the standard care group. Additionally, the intervention group had higher 
costs associated with hospitalization compared to the standard care group.

The results from the base case analysis and the sensitivity analyses are presented in Table 4. The base case analysis 
showed that the intervention group is dominant compared to the standard care group, with a decrease in incremental costs 
of £542.38 and an increase in incremental QALYs of 0.0118. Similar results are shown in scenarios 1, 2, and 3 from the 
sensitivity analyses. The results are illustrated in an incremental cost-effectiveness plane (Figure 2). The probability that 
the base case and each of the sensitivity analyses are cost-effective at varying willingness-to-pay thresholds is illustrated 
in a cost-effectiveness acceptability curve (Figure 3).

Table 1 Baseline Characteristics of Citizens in Standard Care Group and Intervention Group. Data 
are Reported as Mean (Standard Deviation) Unless Otherwise Noted

Characteristic Standard Care Group (n=43) Intervention Group (n=49) p-value

Female n (%) 24 (55.81) 26 (53.06) 0.791

Age, year 77.02 (10.61) 76.53 (11.05) 0.827

Barthel 20 scorea 14.76 (5.14) 14.31 (5.52) 0.692

DHI-DK a 17.02 (8.14) 22.90 (10.02) 0.003

V–VST a 0.88 (0.33) 0.92 (0.28) 0.578

MEOF-II b 0.78 (0.42) 0.91 (0.28) 0.078

EQ-5D-5Lc mean(range) 0.620 (−0.059:1) 0.465 (−0.251:0.891) 0.016

BMI score c 26.19 (7.16) 25.49 (7.51) 0.657

Living situation n (%)
Nursing home 4 (9.30) 6 (12.24) 0.651

Temporary housing 8 (18.60) 5 (10.20) 0.248

Own residence 25 (58.14) 29 (59.18) 0.919

Comorbidities n (%)

Cardiovascular 24 (55.81) 25 (52.02) 0.646
Lung 14 (32.56) 19 (38.78) 0.535

Musculoskeletal system 14 (32.56) 20 (40.82) 0.413

Endocrine 6 (13.95) 10 (20.41) 0.415
Mental disorder 5 (11.63) 4 (8.16) 0.577

Gastrointestinal 5 (11.63) 3 (6.12) 0.350

Malignant 2 (4.65) 3 (6.12) 0.756
Dermatological 0 (0.00) 2 (4.08) 0.180

Urinary tract 2 (4.65) 4 (8.16) 0.496

Nervous system 5 (11.63) 9 (18.37) 0.369

Municipality n (%)

Hjørring 17 (39.53) 18 (36.73) 0.783
Frederikshavn 2 (4.65) 4 (8.16) 0.496

Tønder 10 (23.26) 12 (24.49) 0.890

Jammerbugt 2 (4.65) 3 (6.12) 0.756
Kolding 6 (13.95) 5 (10.20) 0.580

Brøndby 3 (6.98) 4 (8.16) 0.830

Odense 3 (6.98) 3 (6.12) 0.868

Notes: aMissing data on two citizens. bMissing data on four citizens. cMissing data on three citizens.
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Table 2 Non-Imputed and Unadjusted Values of the Health Outcomes per Citizen in the 
Intervention Group and Standard Care Group

Intervention 
Group (n=49)

Standard Care 
Group (n=43)

Raw Difference  
(Intervention – Standard Care)

P-value

Baseline

EQ-5D-5L 0.465 (n=48) 0.620 (n=41) −0.155 0.016*

Barthel 20 score 14.312 (n=48) 14.762 (n=42) −0.449 0.691

DHI-DK 22.896 (n=48) 17.024 (n=42) 5.872 0.003*

V–VST 0.917 (n=48) 0.881 (n=42) 0.036 0.578

MEOF-II 0.915 (n=47) 0.780 (n=41) 0.134 0.078

Six weeks

EQ-5D-5L 0.617 (n=44) NA NA NA

Barthel 20 score 15.023 (n=44) NA NA NA

DHI-DK 18.909 (n=44) NA NA NA

V–VST 0.476 (n=42) NA NA NA

MEOF-II 0.545 (n=44) NA NA NA

Three months

EQ-5D-5L 0.584 (n=43) 0.597 (n=37) −0.013 0.872

Barthel 20 score 14.950 (n=40) 15.861 (n=36) −0.911 0.474

DHI-DK 17.317 (n=41) 16.417 (n=36) 0.900 0.726

V–VST 0.649 (n=37) 0.636 (n=33) 0.012 0.916

MEOF-II 0.561 (n=41) 0.611 (n=36) −0.050 0.661

Note: *Statistically significant (p<0.05).

Table 3 Non-Imputed and Unadjusted Mean Resource Use per Citizen for the Intervention Group and Standard Care Group Over 3 
Months Follow-Up and Applied Unit Costs

Cost Category Unit Label Intervention 
Group (95% CI)

Missing (%) Standard Care 
Group (95% CI)

Missing (%) Unit Cost (£) Reference

Training ball a Pieces 1 0 0 0 11.72

Homecare b Hours 110 (48–173) 8.7 120 (47–194) 6.5 23.90 [25]

Nurse b Hours 29 (13–45) 8.7 21 (7–34) 7.6 30.17 [25]

Occupational therapist b Hours 17 (12–22) 1.1 10 (6–14) 0 28.28 [25]

Dietician b Hours 1 (1–2) 0 1 (1–2) 0 25.40 [25]

Hospitalization  

(Mean cost, £)

Cost per patientc 1807 (614–2999) 1.1 1510 (390–2631) 0 [26]

Notes: aThere has been no consistency in supplier of the ball across the municipalities. Therefore, a general purchase cost of £11.72 has been applied for all included citizens 
in the intervention group. bStandard calculated hourly earnings in 2019, adjusted to 2020 value. Obtained from Statistics Denmark.25 cRelevant DRG tariffs are utilized. For 
an overview of the DRG’s tariffs see Table S1.
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Discussion
The main finding of this study indicated that the use of CTAR for citizens suffering from dysphagia compared to standard 
municipal treatment is dominant, meaning that CTAR is both more effective and less costly. All sensitivity analyses 
applied to test the robustness of the analysis showed similar results as the base case analysis.

As demonstrated in Table 2, the EQ-5D-5L utility value at 3 months was lower in the intervention group than in the 
standard care group (0.584 vs 0.597), indicating a lower HRQoL at that time point. However, it is important to consider 
the large difference in EQ-5D-5L utility value at baseline, where the intervention group scored significantly lower than 
the standard care group (0.465 vs 0.620).

When looking at the HRQoL development in the two groups, an increase is seen from baseline to follow-up in the 
intervention group compared to a decrease in the standard care group. Furthermore, it should be noticed that an increase 
from baseline to 6 weeks, and a decrease from 6 weeks to 3 months, are seen in the intervention group (not measured in 
standard care). The reason for the increase and decrease is unknown but could be related to a potential decrease in 
compliance following the discontinuation of the visits from an OT, as it is known that the effect of training subsides 
sometime after the training effort ceases.32

Table 4 Results of Intervention Group Compared to Control Group

Analysis N Incremental 
Cost (£)

Incremental 
QALY

ICER Probability of Being Cost-Effective at 
a Threshold from £20.000 - £30.000 per QALY

Base case analysis 92 −542.38 0.0118 Dominant 83.18% - 85.90%

Scenario 1 89 −401.41 0.0107 Dominant 75.93% - 79.35%

Scenario 2 92 −542.38 0.0204 Dominant 87.31 - 91.09%

Scenario 3 65 −616.72 0.0096 Dominant 86.44% - 88.46%

Figure 2 Incremental cost-effectiveness plane with the indication of the base case and sensitivity analyses and scatter plot of the probabilistic sensitivity analysis of the base 
case. The line across the plot indicates a cost-effectiveness threshold of £20,000 per quality-adjusted life-year (QALY).
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The strengths of the current study include the use of data from different municipalities across Denmark. The inclusion of 
seven different municipalities, which differ in geographical location and size, strengthens the generalizability of the results. 
Hereby, it could be expected that the study population is representative of citizens with dysphagia in Denmark, as the study 
sample included individuals with different underlying causes of dysphagia and thereby disease courses.18 Furthermore, the 
study population included citizens with different co-morbidities and was not limited to citizens or patients with a specific 
disease (eg, stroke, cancer, and Alzheimer’s). A limitation to the study design and the inclusion of citizens in the RCT entails 
excluding citizens with a feeding tube, which can bring an element of bias as more severe cases of dysphagia are excluded. 
Moreover, the citizens in the intervention group had more time and supervision with clinicians, which can introduce a risk of 
placebo effect. The RCT employed as a vehicle in the current study uses the common standard municipal treatment in the 
standard care group. Hereby, the relevance of the results is enhanced, as the intervention is compared to current practice.18

Furthermore, a micro-costing approach was utilized in the estimation of municipal resource consumption, resulting in 
a more detailed evaluation of the individual citizen’s resource consumption. The costs related to hospital admissions 
were, however, estimated utilizing a gross-costing approach. By usage of Interactive DRG (a virtual tool for identifica-
tion of the specific DRG group a specific citizen registration belongs to)33 and information about citizens’ hospital 
admissions provided by the municipalities, each admission was valuated.

As the DRG groups were based on information on hospitalization from the municipality, no knowledge of other 
diagnoses was included in the estimation of the DRG group. This could under- or overestimate the costs related to 
hospitalizations. However, this is consistently estimated in both groups.

The perspective for this CUA consisted of a municipal perspective. A narrow perspective could lead to missing relevant 
costs, eg, change in resource consumption at the general practitioner. Furthermore, the choice of a time horizon of 3 months 
could result in missing relevant long-term consequences. Both factors could affect the results, and future research should 
focus on investigating the cost-effectiveness of CTAR from a broader perspective and longer time horizon.

As stated, the RCT did not collect similar measurements for citizens receiving standard care at 6 weeks follow-up, as 
was collected for the intervention group.18 This limitation in data collection may entail that it cannot be ruled out whether 
there was a derived effect of inclusion in the study, meaning that an increased effect could also be seen for citizens 

Figure 3 Cost-effectiveness acceptability curve. The probability that the base case and each of the sensitivity analyses are cost-effective at varying willingness-to-pay 
thresholds. The blue line represents the base case analysis, the Orange scenario 1, the purple scenario 2, and the yellow scenario three, respectively.
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receiving standard care at 6-week follow-up. As a result hereof, and to make a conservative estimate, the effect at 6 
weeks follow-up for the intervention group was not included in the base-case analysis.

It has not been possible to find any other studies investigating the cost-effectiveness of CTAR in individuals with 
dysphagia. Thus, it has not been possible to directly compare the results of this study with others investigating the same. 
However, the effect of CTAR in individuals with dysphagia has been assessed. Different studies have demonstrated that 
the use of CTAR improves the swallowing function significantly and leads to an improvement in the participants’ self- 
reported depression.14–16 Though improvements in swallowing function have been seen in the aforementioned studies, 
they did not report on whether this continued to be present at a potential follow-up at a later point in time. Moreover, the 
studies did not assess the citizens’ HRQoL by use of EQ-5D-5L, as did the current study. It can be speculated whether the 
results of Yoon et al.16 Sze et al15 and Gao et al14 can be compared with the results of the current study, or not.

Conclusion
This study found that CTAR in addition to standard care was the dominant alternative compared to standard care with the 
application of a Danish municipality perspective and a three-month time-horizon. Similar results are demonstrated in the 
sensitivity analyses. This study adds to the scarce evidence on cost-effectiveness of CTAR; however, future research 
should focus on estimating the long-term cost-effectiveness of CTAR from a broader perspective.
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