PAGE  
Page 1
[image: image1.wmf]26

93

45

76

N =

Hearing aid

Yes

No

FI

be

st

ear

(d

B)

0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

SEX

Male

Female

220

217

238

58

Report of the Maastricht Study

Policy implications of hearing aid fitting

Report of the SIHI-study

1 Introduction

Two studies have been conducted to identify the potential costs, savings and benefits of fitting hearing impaired adults with hearing aids. Benefits are defined as positive changes in quality of life, utility, medical consumption and social activity. These factors are measured by means of a questionnaire. In one study, the Comparative Study, hearing aid users are compared to a group without a hearing aid. In the other study, the Clinical Study, first time hearing aid users are followed over a period to evaluate the effects of hearing aid use. 

One basic five-part questionnaire has been developed for the two studies. The version for the Clinical Study contains some additional features. The basic five parts are as follows:

1 
In the first part, generic variables like sex, date of birth, marital status, employment and education are record. Prior to the interview, hearing ability is determined by means of audiometry.

2 
The second part regards quality of life. Initially, Health Related Quality of Life is measured by a specific questionnaire, called the Amsterdam Inventory. The questions can be divided into five factors, which represent  specific auditory abilities. Next, the outcomes of the Amsterdam Inventory were used to implement a generic Quality of Life question in combination with a Visual Analogue Scale. By this means a utility figure can be constructed which allows cost-utility analysis and the construction of Quality Adjusted Life Years, so called QALYs. 

 3
In the third part, questions regarding health and work are asked in order to evaluate loss of productivity as a consequence of hearing impairment. This part includes items about both paid and unpaid work.

4
In the fourth part, illness and care are addressed. The number of contacts with the general practitioner, specialists, physical therapists and other health facilities, the use of medication and hospital admission are collected in order to assess medical consumption. In addition to this a number of ailments and diseases are given in order to measure comorbidity.

5
Social activities are the subject of the fifth part. Questions are asked about the number of visits paid to others, number of visits received from others and the degree of hindrance through health or other problems in social activities.

In the Clinical Study-questionnaire some questions are supplemented. These questions concern hearing aid use and hearing aid related perceptions. Information is obtained about frequency and number of hours of hearing aid use. In addition, questions are posed about willingness to pay for a hearing aid, satisfaction with the aid and the influence of others on the decision to get a hearing aid.

In the Comparative Study, another questionnaire, the Hearing Attitude in Rehabilitation Questionnaire (HARQ) is administered. This questionnaire contains questions about one’s attitude towards hearing aids and towards hearing impairment.  The items are divided into seven factors, four concerning hearing aids and three with respect to hearing impairment. 
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1 Introduction

The main goal of the Maastricht Study was to provide an economic evaluation of the fitting of hearing aids in the Netherlands. Within the framework of economic evaluation, special attention was paid to the effect of hearing aid fitting on the quality of life of hearing impaired people.

Hearing impairment is a health problem of which prevalence increases rapidly with age. Due to the ageing population, hearing impairment will continue to increase as a health problem. 

For example, the results of a large survey using Dutch car drivers of 55 years and older as study population, performed by Duijvestijn [1999] show that 38% of the Dutch population of 55 years and older report a degree of hearing impairment. Approximately 70% of this group has a pure tone average hearing loss of 35 dB or more in the best ear. These people are entitled to (partial) reimbursement for a hearing aid.  Of this group, about 60% consult a General Practitioner (GP) for their hearing loss, 42% are referred to an Ear-Nose-Throat  (ENT) specialist, and 30% end up with a hearing aid. This means that out of this study, only 21% of the people with complaints have a hearing aid.

Hearing impairment has a number of adverse effects on a person’s life. Many studies have focussed on these adverse effects, and found that hearing impairment is associated with: social isolation, cognitive dysfunction, loss of quality of life, reduced self reliance, loss of independence, and depression.

In most cases of hearing impairment, a hearing aid is the only option for rehabilitation. In the Dutch health care system, this rehabilitative option has been seriously restrained, from a patient’s point of view, by decreasing the amount of reimbursement per hearing aid and questioning the reimbursement for stereo fitting.

From the policy maker’s point of view, the number of hearing aids fitted is likely to grow rapidly in future decades due to the increasing number of hearing impaired, the better image of hearing aids, and advanced technological possibilities of hearing aids. In this study the costs and effects of fitting hearing aids in the Dutch population were studied. This study is the first economic evaluation study resulting in cost per QALY outcome.

2 Method of Economic Evaluation

In the Maastricht Study, cost-effectiveness analysis is used as the applied method to evaluate the potential costs and savings and change in health status of fitting hearing impaired persons with hearing aids.


Cost-effectiveness analysis is a method to evaluate the outcome and costs of interventions designed to improve health [Gold et al, 1996]. The cost-effectiveness analysis results in a ratio; the nominator consists of the change in costs and the denominator consists of the change in health status. The method is well described by Gold et al [1996]. An image of the ratio is shown in Figure 2.1.
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2.1 Change in health effects
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The purpose of a health care intervention is to improve health or delay declines in health. This can be measured in terms like mortality, improved life expectancy and quality of life. In this study the health effect is measured in quality of life. 

In a cost-effectiveness analysis, the quality of life is expressed in a utility value. A utility value reflects the preference for a certain health state. Utility values lie between 0 and 1; 0 represents ‘death’ and 1 represents ‘perfect health’. Utility values are used in the calculation of so-called Quality Adjusted Life Years, or QALYs. A QALY is the product of the utility value of the health state and the duration of that health state, often the life expectancy. When the change in health state is expressed in QALYs, the outcome of the cost-effectiveness ratio is an amount of costs per Quality Adjusted Life Year (Costs/QALY).


The costs/QALY outcome of different studies concerning different health care interventions, ranked from the lowest amount of costs/QALY to the largest amount of costs/QALY, is called a QALY league table. In theory, such a table can be used to allocate health care resources in the most cost-effective way. However, because of differences in study method, study population, country, and year of calculation among the studies in a QALY league table, such a table should be interpreted very carefully. The position of an intervention in a QALY league table provides an indication of the relative cost-effectiveness of the intervention. 

The health effects were measured in a uncontrolled intervention study with a baseline measurement when the hearing impaired person received the prescription for a hearing aid and two follow-up measurements at 6 weeks and 16 weeks after prescription, this study is noted as the Clinical Study (see Appendix 2).


The study population consists of people of 18 years old and older who received a prescription for a hearing aid for the first time and attended the ENT Clinic of Maastricht Univer​sity Hospital or the Audiological Centre Hoensbroeck from February 1998 to April 1999. People who were not mentally capable of answering the questionnaires, not able to come to the GP’s office for the appoint​ment, or not able to speak and understand Dutch were excluded from the study.

A total of 66 patients have completed all three measurements. A description of the study population is shown in the Table below.

Table 2.1.1: Description of the study population (age, Fletcher Index best ear, gender and employment).
Number of patients
Mean age
Fletcher Index
% male
% unempoloyed

66
68.59
47.55
56.10
84.80

2.2 Costs

Every health care intervention results in a change in costs. In this study the change in health care costs has been quantified. Other costs, like the costs of transportation to the ENT clinic or GP, or time costs, are not taken into account. Costs consist of volume and price. The volumes are revealed by a patient flow model on population level. For valuation, cost data (tariffs) and cost calculation have been used.
2.3 A patient flow model of fitting hearing aids in the Dutch population

In order to perform an economic evaluation, a patient flow model of fitting hearing aids in the Dutch population has been developed. This means that the hearing impairment is modelled in the same way as the development of the disease process and the course of treatment. 
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Consequently the model has the form of a flow diagram. The sequence in steps has been examined as closely as possible through a search of the literature, existing databases and expert opinions. A graphic reproduction of the model is shown in Figure 2.3.1. A more detailed description of the model and the data used is presented in Appendix 1.

3 Results

3.1 The costs of fitting hearing aids in the Dutch population

The enumeration of costs is limited to health service costs generated by hearing impairment. The health service costs are calculated as the total volume of treatments multiplied by the unit costs.

The patient model of fitting hearing aids in the Dutch population shows that the process of fitting hearing impaired persons cause changes in the following health service costs: contacts with the GP, contacts with an ENT specialist, and or an Audiological Centre, and the dispenser. A more detailed description of the unit costs calculation can be found in Part 1.

In the process of fitting hearing aids the patient attends the GP an average 1.5 times [Chorus et al, 1995]. The average tariff per general practitioner consultation is 17.75 Euro. The unit cost of the general practitioner is 1.5 consultations x 17.75 Euro = 26.63 Euro.

In the Netherlands, 85% of hearing aids are fitted at an ENT clinic and 15% at an audiology clinic. The unit costs of the ENT specialist consist of the costs of the first and the repeat consultation, and the costs of tone and speech audiometry. The unit costs of the ENT specialist are 107 Euro. The unit costs of an audiology clinic amount to 212 Euro per person. The latter costs are including an extensive rehabilitation programme when indicated.

The combined unit cost of the ENT clinic and audiology clinic is based on a weighted average of tariffs in proportion to the estimated numbers of adult patients who visited the ENT specialists and the audiology clinic: 123 Euro.

A market study by Mot et al [1997] reports that the average purchase price of a hearing aid is 636 Euro per hearing aid. In stereo the price is doubled, to 1272 Euro. Recently the average price of a mono hearing aid has increased to 864 Euro per hearing aid (in stereo the price is 1728 Euro).

3.2 Effects of hearing aids in the Dutch population

The change in quality of life, or health state, is measured by two utility questionnaires: the EuroQol and a recently developed questionnaire for hearing disorders, noted as the Hearing Quality of life questionnaire (H-QOL). The latter will be discussed later on.

The EuroQol is a frequently used questionnaire that measures general changes in health state preferences. The instrument consists of two parts: 

1 a Visual Analogue Scale (VAS), 

2 Five questions to describe one’s health state.

The first part of the EuroQol questionnaire is presented as the VAS/EuroQol, and measures the overall rating of the health state on a ‘feeling thermometer’ from 0 = worst imaginable health state to 100 =    best imaginable health state to value one’s health state.

The second part of the questionnaire consists of five questions, with which one’s health state is described. Each question represents a health dimension. The scores on the first five questions and the score on the VAS are implemented into a formula developed by Dolan et al [1995] and known as the Dolan Algorithm. Table 3.2.1 shows the results on both the VAS and the Dolan Algorithm.

Table 3.2.1 Results on the EuroQol, both VAS and Dolan Algorithm scores, n = 66

VAS/EuroQol
Dolan Algorithm

Baseline
69
80

First follow-up
72
82

Second follow-up
71
84

Utility gain
2%
4%

A more detailed description of Table 3.2.1 is presented in Appendix 2. The increase in quality of life after the hearing aid is fitted is rather small. However, it is surprising to find an increase on the EuroQol.  Because of the generic character of the EuroQol it is possible that factors like other health problems and for instance season have influence on the gain in quality of life. 

The Hearing Quality of Life Questionnaire (H-QOL) is a newly developed instrument to measure the influence of hearing on quality of life. The H-QOL offers a description of the influence of hearing on quality of life, a valuation of one’s sense of hearing, as well as a valuation of the influence of hearing on the overall health state. 

The H-QOL consists of three parts:

Part 1.
Five questions to describe one’s health state according to hearing; each question represents a factor of hearing handicap derived from the Amsterdam Inventory, a questionnaire that measures hearing handicap [Kapteyn et al, 1995]. 

Part 2.    A Visual Analogue Scale ranging from 0 (‘deaf’) to 100 (‘perfect sense of hearing’),                  to value one’s sense of hearing,

Part 3.  A Visual Analogue Scale ranging from 0 (‘worst imaginable health state’) to 100               (‘best imaginable health state’), to value a set of health states as anchor points and one’s own health state regarding hearing.
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The results of Part 1 of the H-QOL are shown in Figure 3.2.1. These results show that the degree of hearing disability decreased in all five factors after the fitting of the hearing aid.
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The results of Parts 2 and 3, the score on the personal hearing VAS and the patient’s own valuation of health state regarding hearing, are shown in Table 3.2.2. 

Table 3.2.2: Scores on the Visual Analogue Scales, prospective and retrospective, n = 66
Visual Analogue Scale
Baseline
Second follow-up
Utility gain

Valuation of sense of hearing
49
78
29%

Valuation of health state regarding hearing
59
79
19%

These results show that the valuation of the sense of hearing increases after the fitting of the hearing aid. 

There is a linear relation between the two Visual Analogue Scales; see Appendix 2, section 3.1.2. The transformation was made by a linear regression model that results in a utility gain of 19% with a 95 % Confidence Interval from 17.48% to 20.68%.

3.3 Costs per QALY

The costs/QALY were calculated using the utility values from the patient study. Since the average age in this study is 68.5 years, the costs of the cohort aged 65 to 69 years were taken from the model. Costs/QALY calculations are always discounted because of time preference. The standard discount rate is set at 5%. 

Because of the variation in utility outcomes, there are different costs/QALY outcomes, shown in Table 3.3.1. The costs per QALY in the group aged 65-69 years range from 2,200 Euro to 11,500 Euro (see Appendix 1, section 2.2, Figure 2.2.7).

Table 3.3.1: Costs/QALY outcomes using different utility values
Questionnaire
Utility gain 

Baseline – second follow-up
Costs (Euro) 

/QALY

EuroQol



Dolan mean (total study population)
4
11,500 

Hearing QOL linear regression outcome



Lower boundary 95% Confidence Interval
17
2,700

Upper boundary 95% Confidence Interval
21
2,200
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To put these figures in perspective, Laupacis et al [1992] calculated cost/QALY cut-off points to interpret the outcomes of cost-effectiveness studies (see Figure 3.3.1). 

The cut-off points are based on information about the costs of interventions that are reimbursed and not reimbursed. Laupacis found that governments are rarely willing to 

reimburse interventions that cost more than 100,000 Euro per QALY. 

Interventions costing between 20,000 Euro and 100,000 Euro per QALY are sometimes reimbursed, and sometimes not. Interventions costing below 20,000 Euro per QALY are almost always reimbursed. Even the highest calculated costs\QALY for fitting hearing aids in this study is below 20,000 Euro per QALY, so this intervention should always be adopted. 

Another way of placing the costs/QALY outcome in perspective is a QALY league table (Table 3.3.2). In this table different interventions are ranked from the lowest costs/QALY to the highest. 

Table 3.3.2: QALY league table
Intervention
Costs/QALY 

(1998 Euro’s)

PKU screening1
< 0

GP advising to stop smoking7
500

Antihypertensive therapy to prevent stroke (45- 64 years old) 7
1,700

CABG (left main vessel disease disease, severe angina) 7
4,000

Neonatal intensive care (1 to 1,5 kg weight) 1
7,500

Breast cancer screening7
10,300

T4 (thyroid) screening1
10,500

Hearing aid (65 to 69 years old)
11,500

Cochlear implant3
15,000

Repair of asymptomatic intracranial aneurysms4
17,400

20,000 Euro/QALY


Implantable defibillator5
27,500

Cardiac transplant2
36,400

Estrogen replacement therapy (for postmenopausal symptoms in women without hysterectomy) 1
45,000

Knee replacement6
46,500

Coronary bypass for single vessel disease with moderate angina7
60,500

School tuberculin testing program1
72,800

Peritoneal dialysis2
78,000

Hospital hemodialysis1
90.000

100,000 Euro/QALY


Erythropoietin treatment for aneamia in dialysis patients (ass. 10% mortality reduction) 7
100,700

Neurosurgery malignant intracranial tumors7
191,900

Erythropoietin treatment for aneamia in dialysis patients (ass. no increase in survival) 7
233,900

Primary prevention of hyperlipidemia (using Lovastatin in a population of 35-44 years old) 4 
1,900,000

1Torrance & Zipursky, 1984, 2Kupperman et al, 1990, 3Wyatt et al, 1996, 4King et al, 1995, 5Larsen et al, 1992, 6Drewett et al, 1992, 7Drummond, 1993. 
The costs/QALY in this table range from less then zero Euro per QALY for PKU screening, to almost 2 million Euro per QALY for primary prevention for hyperlipidemia using Lovastatin in people aged 35 to 44. The 20,000 Euro per QALY border is marked. There are various interventions that cost less then 20,000 Euro per QALY, like breast cancer screening and neonatal care, for instance. In the part of the table between 20,000 Euro and 100,000 Euro per QALY, there are still some rather common interventions, like knee replacement.

As stated earlier, the table should be interpreted carefully. These studies used similar but not exactly the same methods, and were performed in different countries and in different years. Nevertheless, the table provides an indication of the relative cost-effectiveness of interventions.

The 11,500 Euro per QALY for fitting hearing aids in a population of 65 to 69 years old (based on the Dolan algorithm from the EuroQol) lays far below the 20,000 Euro per QALY. The costs per QALY outcome is therefore placed in the top of the table. The most optimistic outcome, calculated with the 21% utility gain, which was the upper boundary of the 95% confidence interval from the linear regression analysis, results in a  outcome of only 2,200 Euro per QALY. 
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2 Study design of the Comparative Study

2.1 Study population

In the Netherlands, an average hearing loss of 35 dB at 1, 2 and 4 kHz in the best ear entitles one to reimbursement for a hearing aid. For the Comparative Study, we have therefore used 35 dB as the division line between hearing impairment, HI+, (dB > 35 dB) and not hearing impaired, HI- (dB < 35 dB). 

Furthermore we have divided the hearing impaired into two groups:

· Those owning a hearing aid (HA+)

· Those not owning a hearing aid (HA-)

Originally the study population consisted of three groups, divided according to hearing impairment and hearing aid ownership, as follows:
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Since every individual is hearing impaired to some degree, much of the study will be analysed according to hearing aid ownership, whereby hearing loss is viewed as a continuous factor rather than a dichotomous variable. The new situation is as follows:
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2.2 Population data

The design of the study requested an equal representation in three age groups and in the three hearing impairment – hearing aid groups for a total of 225 persons. The participants were recruited in the Health Centre Neerbeek and the Ear, Nose, and Throat (ENT) clinic of the Maastricht University Hospital. Initially, only patients from the Health Centre Neerbeek were recruited to fill the hearing impaired without a hearing aid group and the not hearing impaired group to obtain a representative sample of the total population. Later, additional participants were recruited from the ENT clinic of Maastricht University Hospital to complete the hearing impaired with a hearing aid group. 

People aged 55 years and older were included in the study. Those who were not mentally competent enough to answer questionnaires, unable to come to the general practitioner’s office for the appointment or not fluent in Dutch or German (in the Netherlands and Germany, respectively), were excluded.

The final sample consists of 251 persons, of which 76 are hearing aid owners. Of these 175 non-hearing aid users, 72 persons are hearing impaired, according to the 35 dB definition. Sample size, mean, minimum, maximum and standard deviation of age and Fletcher Index (FI) best ear of the total population are given in Table 2.2.1. Other characteristics are summarised in Table 2.2.2. Characteristics for each group are given in Tables 2.2.3 and 2.2.4.

Table 2.2.1: Sample size, mean, minimum, maximum and std. dev. of age and Fletcher Index best ear of the Comparative Study population.
Total population

(n=251)
Mean 
Minimum


Maximum


Std. dev.



Age
70.98
56
92
  8.72

FI best ear
38.05
  6.67
88.33
15.96

Table 2.2.2: Prevalence in percentage of sociodemographic characteristics of the Comparative Study population.

Total population (n=251)

Sex
Male, %                                          51.0 

Female, %                                      49.0

Marital status
Married/living together, %            67.6

Married/living separately, %           1.6

Widow/widower, %                       23.9

Unmarried, %                                  4.4

Unmarried/living together, %         1.6   

Employment
Yes, %                                             6.0

No, %                                            94.0

Social Economic Status
Unskilled  labour, %                     11.1 

Skilled work, %                              2.9

Lower/intermediate position, %   28.4

Self-employed small business, %   7.0

Intermediate/higher position, %      4.5

Self-employed with higher staff/

higher level , %                               46.1   

Table 2.2.3: Sample size, mean, minimum, maximum and std. dev. and P-value of t-test two independent samples of age and Fletcher Index best ear by group.
Variable
Hearing
Aid


No (n=175)
Yes (n=76)



Mean
Mini-mum
Maxi-mum
Std. dev.
Mean
Mini-mum
Maxi-mum
Std. dev.
P-value

Age
71.70
56
92
8.64
70.07
56
92
8.94
.177

FI best ear
32.40
6.67
68.33
12.70
52.33
13.33
88.33
14.25
.000

Table 2.2.4: Prevalence in percentage of sociodemographic characteristics by hearing aid group. 
Variable
Hearing
Aid


No (n=176)
Yes (n=75)

Sex
Male, %                                         

Female, %                                 
43.9

56.1
64.0

36.0

Marital status
Married/living together, %        

Married/living separately, %                

Widow/widower, %                    

Unmarried, %                              

Unmarried/living together, % 
74.1

  1.7

18.4

  4.0

  1.7
54.7

  1.3

37.3

  5.3

  1.3

Employment
Yes, %                                           

No, %                                          
  8.0

92.0
  1.3

98.7

Social Economic Status
Unskilled labour, % 

Skilled work, %                       

Lower/intermediate position, %      

Self-employed small business, %                                                  Intermediate/higher position, %        

Self-employed with higher staff/

Higher position, % 
12.4

  3.5

24.7

  8.2

  5.3

45.9
  8.2

  1.4

37.0

  4.1

  2.7

46.6

Age is distributed normally over the population (Table 2.2.1), and does not vary between the two groups (Table 2.2.2).


Fletcher Index best ear, which is a measure of the degree to which hearing loss differs significantly between the two groups, as the P-value is smaller than the level of significance, 0.050 (Table 2.2.3). Hearing aid users have a significantly higher FI in the best ear, which means a more severe hearing loss than persons without an aid. This illustrates that prevalence of hearing aid use is associated with severity of hearing loss.


The study group is a representative sample of the population, because sex, marital status, employment and social economic status distributions confirm with those found in the Dutch population aged 71 years [CBS maandstat/98.08]. 


The proportion of females in the hearing aid group is smaller than in the non-hearing aid group (Table 2.2.4). We can’t compare this to other figures, as little is known about the proportion of males and females concerning hearing aid use in the Dutch population.


The  hearing aid users group contains relatively fewer married people and more widows and widowers than in the total population. Furthermore, a difference is seen in the percentage of persons employed between the hearing aid group and the non hearing aid group. This difference is significant for men and is probably due to an earlier retirement for those with a hearing aid. According to the Chi-square test, which tests the differences between groups, no statistically significant difference is observed in Social Economic Status between the two groups.

Figure 2.2.1 shows the distribution of FI in the best ear, with respect to hearing aid ownership and sex. While the median value of FI in the best ear (thick line in the box) is equal for males and females in the non hearing aid group, the median value of FI in the best ear is higher for females than for males in the hearing aid group. The difference, however, is not statistically significant. This perhaps indicates that men tend to take a hearing aid more readily than do women. Figure 2.2.1 shows that except for two of the participants in the non-hearing aid group, everyone has a Fletcher Index in the best ear smaller than 60 dB. In the hearing aid users group, the lower boundary is a FI in the best ear of 35 dB for females. Combining these two boundaries, we create an area between 35 and 60 dB in the best ear wherein persons without a hearing aid and persons with a hearing aid can best be compared.
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Figure 2.2.1: Boxplots of Fletcher Index best ear by hearing aid ownership and sex.
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Figure 2.2.2: Fletcher Index best ear by age versus hearing aid ownership

          Table 2.2.5: Statistics of scatterplot.
Statistics
Hearing aid


No
Yes

Pearson Correlation Coefficient
-.470
-.220

P-value
.000
.064

Figure 2.2.2 shows the relationship between Fletcher Index in the best ear and age. The Pearson Correlation Coefficient and its P-value are given in Table 2.2.5. The Correlation Coefficient is a measure of the direction and strength of a relationship, and it lies between –1 and +1. The closer to –1 or +1, the stronger the relationship. A P-value of .050 or smaller represents a significant relationship. For the non hearing aid group, a significant correlation between the degree of hearing impairment and age is observed. That the thresholds in decibel hearing loss for hearing disability increases as a function of age is also reported by Merlezzi and Hinchcliffe [1973] and Gatehouse [1991]. However, a considerable number of patients in the older age groups, with a hearing loss > 35 dB don’t have a hearing aid. Remarkably, within the boundary of 35 to 60 dB FI in the best ear, there is an equal representation of hearing aid users and non users. 

The Pearson Correlation Coefficient is higher for non hearing aid users than for hearing aid users. It appears that a more dramatic loss of hearing with age is experienced in the HA- group than in the HA+ group. Almost everyone with a Fletcher Index in the best ear above the 60 dB, owns a hearing aid.

3 Results of Comparative Study

3.1 Quality of Life
It is evident that hearing disorders have great impact on various aspects of health related quality of life. Quality of life is a multidimensional concept encompassing physical, affective, social and cognitive domains. In this study, quality of life was assessed using a disease-specific and a generic measure. The hearing impairment specific questionnaire, the Amsterdam Inventory, was developed by Kapteyn and Kramer [Kapteyn 1997, Kramer et al, 1995, Kramer et al, 1996]. The generic measure is the EuroQol, a scale developed by Paul Dolan and his research group [Gudex, 1996].

3.1.1 Amsterdam Inventory


The Amsterdam Inventory is a 28-item questionnaire, which evaluates five basic auditory disabilities: auditory localisation, detection of sounds, distinction of sounds, intelligibility in noise and intelligibility in quiet. These basic aspects of auditory functioning are taken into account separately. Possible scores of the factors are respectively 0-24, 0-15, 0-15, 0-15 and 0-15. Higher scores represent greater reported dysfunction than lower scores. Examples of questions for each factor are given in Table 3.1.1.1. In Table 3.1.1.2, statistics of the Amsterdam Inventory scores are summarised. In Figure 3.1.1.1, the mean sum scores per factor are presented per hearing aid group.


Because the distribution of the factors was a clear departure from the normal distribution, medians were computed using the non-parametric Mann-Whitney test.

Table 3.1.1.1: Examples of questions per factor

Factor
Question

Auditory localisation
Do you immediately look in the right direction when somebody 

calls you on the street?

Detection of sounds
Do you hear birds singing outside?

Distinction of sounds
Can you hear rhythm in music or songs?

Intelligibility in noise
Can you carry on a conversation with someone during a crowded 

meeting?

Intelligibility in quiet
Can you understand the newsreader on TV?

The relationship between hearing loss and auditory functioning is illustrated in Figures 3.1.1.2, 3.1.1.3 and 3.1.1.4. In Figure 3.1.1.2, all factors are taken together whereas in Figures 3.1.1.3 and 3.1.1.4, the aspects are viewed separately. Mild hearing impairment was defined as an average loss of less than 44 dB, moderate impairment as an average loss of 45-69 dB, and severe impairment as a loss of 70 dB or more; these definitions confirm the dividing lines used by Abutan [1993].
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Figure 3.1.1.1: Amsterdam Inventory sum scores by factor for hearing aid groups                           

Table 3.1.1.2: Maximum, mean, std. dev. and Mann-Whitney test P-values for difference of Amsterdam Inventory  factors by hearing aid group.

Amsterdam 

Inventory 

Factor
                               Hearing
Aid


No (n=175)
Yes (n=76)



Maxi-

Mum
Mean
Std. 

dev.
Maxi-

Mum
Mean
Std. 

dev.
P-value

Auditory localisation
15
1.68
3.20
15
4.60
4.82
.000

Detection of sounds
12
1.09
2.20
13
3.44
3.49
.000

Distinction of sounds
22
1.36
2.70
21
3.91
5.49
.000

Intelligibility in noise
15
3.03
3.73
15
7.04
4.95
.000

Intelligibility in quiet
13
1.66
2.79
12
4.39
3.95
.000



Table 3.1.1.2 shows a significant difference in the mean scores for each factor between hearing aid users and non-users. This difference may be caused by differences in the degree of hearing loss. 

Figure 3.1.1.2: Fletcher Index best ear by Amsterdam Inventory total score versus hearing aid groups.
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  Table 3.1.1.3: Statistics of scatterplot.
Statistics correlation FI best ear – AI total score
Hearing aid


No
Yes

Pearson Correlation Coefficient
-.505
-.443

P-value
.000
.000

To evaluate the relationship between the degree of hearing impairment and subjective hearing ability, sum scores of the separate factors are added to an Amsterdam Inventory (AI) total score. Figure 3.1.1.2 shows that subjective hearing ability is greatly influenced by the degree of hearing impairment, as the Pearson Correlation Coefficient is high (Table 3.1.1.3), and a significant difference is observed between the degrees of severity (Tables 3.1.1.4 and 3.1.1.5).
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Figure 3.1.1.3: Amsterdam Inventory score by severity of hearing loss for non hearing aid group. 

Table 3.1.1.4: Maximum, mean, std. dev. and Mann-Whitney test P-values of two independent samples t-test of Amsterdam Inventory factors by severity of hearing loss for non hearing aid 

group.

Amsterdam Inventory 

Factor
                          Non hearing aid group


Mild (n=134)
Moderate (n=36)



Maxi-

mum
Mean
Std. 

dev.
Maxi-

mum
Mean
Std. 

dev.
P-value

Auditory localisation
15
1.03
2.29
15
3.38
4.50
.000

Detection of sounds
6
0.55
1.19
12
3.19
3.57
.000

Distinction of sounds
7
0.74
1.28
22
3.19
4.67
.000

Intelligibility in noise
14
2.10
2.94
15
6.26
4.65
.000

Intelligibility in quiet
11
1.21
2.36
13
3.54
3.58
.000
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Figure 3.1.1.4: Amsterdam Inventory score by severity of hearing loss for hearing aid group.

Table 3.1.1.5: Maximum, mean, std. dev. and Kruskal Wallis test P-values  of Amsterdam 

Inventory factors by severity of hearing loss for hearing aid group as defined by Abutan.

Amsterdam Inventory 

Factor
Hearing aid group




Mild (n=22)
Moderate (n=37)
Severe (n=10)



Maxi-

mum
Mean
Std.

dev
Maxi-

mum
Mean
Std.

Dev
Maxi-

mum
Mean
Std.

dev
P-value

Aud. loc.
13
3.33
3.93
15
3.81
4.34
15
8.55
5.68
.025

Sound det.
8
2.19
2.46
9
3.38
3.12
13
6.70
4.97
.030

Sound dist.
15
1.64
3.20
14
3.36
3.76
21
11.87
8.84
.003

Intel. in noise
14
4.33
3.85
15
7.20
4.70
15
11.10
4.63
.002

Intel. in quiet
8
3.27
2.91
12
3.94
3.91
12
8.89
3.59
.004



Figures 3.1.1.3 and 3.1.1.4 show that complaints about hearing ability increase with severity of hearing loss. Non parametric tests were used since normality could not be assumed. Mann-Whitney tests indicate a significant difference between mild hearing loss and moderate hearing loss in Amsterdam Inventory factors. Kruskal Wallis tests demonstrated significant  differences in AI scores between the hearing aid groups. (Table 3.1.1.5).

3.1.2 Hearing Quality of Life

Hearing Quality of Life (HQoL) consists of two parts, a specific HQoL part and a generic one. In the specific HqoL, five questions from the Amsterdam Inventory are presented, and then the participant is asked to value his own hearing impairment on a 0 to 100 scale, deaf to perfect hearing sense (VAS measurement). 

In the generic part, some imaginary health states were described and participants were asked to place them on a 0 to 100 line, with worst and best imaginable health state, respectively as endpoints. Then respondents were asked to place their own health state only regarding their sense of hearing on the line. Results are shown in Figures 3.1.2.1 and 3.1.2.2, while Table 3.1.2.1 summarises the statistics.
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Figure 3.1.2.1: Average specific Hearing Quality of Life scores by hearing aid ownership.
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Figure 3.1.2.2: Average generic Hearing Quality of Life scores by hearing aid ownership.

Table 3.1.2.1: Minimum, maximum, mean, std.dev. and independent samples test P-values for Hearing Quality of Life by hearing aid ownership.

HQOL
Hearing aid


No (n=174)
Yes (n=75)


Mini-mum
Maxi-mum
Mean
Std. dev.
Mini-mum
Maxi-mum
Mean
Std. dev.
P-value

Specific
5
100
66.12
20.72
5
100
67.04
17.86
.723

Generic
10
100
71.83
19.16
2
100
72.00
18.50
.949

It seems that no differences are observed between the two hearing aid groups in either specific hearing quality of life or generic hearing quality of life.

3.1.3 EuroQol
The Euroqol [Hurst, 1997] questionnaire describes health status in terms of five dimensions: 

· mobility and self-care (disability), 

· usual activity (handicap) 

· pain/discomfort and anxiety/depression (impairment). 

The questionnaire records the respondent’s perception of his own health on each of the five dimensions. Every question has three possible answers: no problem, some problem and extreme problem.  In addition, an overall rating of health status on a “feeling thermometer” (called Visual Analogue Scale, VAS), calibrated between 0 and 100 (worst and best imaginable health state, respectively), is obtained. This yields a subjective value for one’s own quality of life.


The relative importance of each level within the five dimensions has been determined using a VAS rating and time trade-off weighting. This yields a single aggregate index on a 0 to 1 scale, representing death and perfect health respectively. This index is called EuroQol according to Dolan’s Algorithm [Dolan, 1995] and is an arithmetic expression of the EuroQol questionnaire.


Figure 3.1.3.1 shows mean EuroQol-scores measured by the VAS, descriptives are summarised in Table 3.1.3.1. The EuroQol-score according to Dolan’s Algorithm is presented in Figure 3.1.3.2, descriptives are given in Table 3.1.3.1.
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Figure 3.1.3.1: Mean EuroQol-score VAS by hearing aid group and age group. 

As is shown in Figure 3.1.3.1 and Table 3.1.3.1, no difference is observed in the EuroQol-score VAS between the two groups. Values are more or less normally distributed for each group; this is characteristic of the variable. 

EuroQol values estimated using Dolan’s Algorithm are not normally distributed and don’t correspond with the EuroQol VAS values (Figure 3.1.3.2). The significantly higher score according to Dolan’s Algorithm for hearing aid users in comparison with non-users aged 65-74 years is remarkable. This difference is not seen on the health thermometer. 

Table 3.1.3.1: Sample size, minimum, maximum, mean, std. dev. and independent samples test P-values of EuroQol-score VAS by age group.
Age group
Hearing
Aid


No (n=175)
Yes (n=76)



Mini-mum
Maxi-mum
Mean
Std.

dev.
Mini-mum
Maxi-mum
Mean


Std.

dev.
P-value

55-64
10
95
70.19
14.58
45
100
70.40
14.92
.953

65-74
25
100
72.04
16.55
40
100
66.60
17.24
.191

75+
30
100
71.36
16.13
10
100
71.92
17.78
.882
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Figure 3.1.3.2: Mean EuroQol-score according to Dolan’s Algorithm by hearing aid group and age group.

Table 3.1.3.2: Sample size, minimum, maximum, mean, std. dev. and P-values of Mann-Whitney tests of EuroQol-score according to Dolan’s Algorithm by age group.

Age group
Hearing
Aid


No (n=175)
Yes (n=76)



Mini-mum
Maxi-mum
Mean
Std.

dev.
Mini-mum
Maxi-mum
Mean


Std.

dev
P-value

55-64
.00
1
.807
.238
0
1
.767
.267
.505

65-74
.03
1
.738
.242
.62
1
.857
.133
.025

75+
.06
1
.811
.217
.26
1
.780
.173
.469

The Dolan Algorithm EuroQol value seems to be a more sensitive measure for quality of life than the EuroQol VAS measurement. Moreover, the EuroQol according to Dolan is based on five items, as mentioned before, and takes into account several important dimensions of health.

3.2 Productivity loss

The loss of productivity is an important societal consequence of impairment, disability and handicap. Hearing loss or the consequences of hearing loss, such as depression or anxiety, can lead to loss of productivity. Productivity losses are measured by a questionnaire that is based on the Health Labour Questionnaire (HLQ) developed by Van Roijen, et al [1996]. This questionnaire consists of four factors:

· impediment at paid work, 

· reduced productivity at paid work, 

· unpaid labour production,

· impediment at unpaid work. 

The first factor deals with the degree of hindrance experienced during work, due to  health problems and hearing impairment. In the following factor, seven expressions concerning health problems and work are posed, for assessment. The answers are added up to a sum score, called the Efficiency Score (ES). A Visual Analogue Scale is present to rate the efficiency of the days worked with health problems. This is called the Efficiency Score, VAS (ES, VAS). These questions are asked only to employed persons.

The last two factors concern unpaid labour like household tasks, volunteer work and other activities. In contrast to the first factors, these are relevant for all participants. One question addresses assistance in household tasks and another questions the number of hours others spend on these tasks. In the last factor, statements about health problems and general activities are presented. Answers are combined in a sum score, called Aggregated Impediment Score for unpaid work (AIS). The results will be presented per factor.

The mean age of the study population is 71 years. Because many people retire at an early age, only a small part of the study group has employment, see Section 2.2. Twelve persons in the non-hearing aid users group have a paid job and in the hearing aid group, only one person. This makes it impossible to make a comparison concerning paid work. Only results of the questionnaire can be presented. 

Figures 3.2.1 and 3.2.2 show the frequency of reported hindrances to paid work caused by health problems and hearing impairment, respectively. The findings of factor 2, the mean Efficiency Score and Efficiency Score measured by the VAS, are summarised in Figures 3.2.3 and 3.2.4. Figures 3.2.5 and 3.2.6 show the results of unpaid labour production and Figure 3.2.7 presents the mean Aggregated Impediment Score. In Figures 3.2.8 and 3.2.9 the influence of hearing impairment on hindrances to unpaid work is shown. Descriptives of the Efficiency Scores and the Aggregated Impediment Score for unpaid work are presented in Table 3.2.1.

Table 3.2.1: Sample size, minimum, maximum, mean and std. dev of productivity loss parameters by hearing aid group.

Productivity Loss
Hearing aid


No
Yes


n
Mini-mum
Maxi-mum
Mean
Std. Dev.
n
Mini-mum
Maxi-mum
Mean
Std. dev.

ES
10
7
16
10.40
3.78
1
7
7
7
.

ES, VAS
11
2
10
8.27
2.41
1
10
10
10
.

AI S
173
5
20
7.12
2.89
73
5
16
6.44
2.42

Figure 3.2.1: Percentage of reported impediments to paid work due to health problems.
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Figure 3.2.2: Percentage of reported impediments to paid work due to hearing impairment.

Figure 3.2.3: Mean sum score of Efficiency score for unpaid work by hearing aid ownership.
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Figure 3.2.4: Mean Efficiency Score, measured by Visual Analogue Scale by hearing aid ownership.
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Figure 3.2.5: Percentage of people receiving help in household tasks by hearing aid ownership.
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Figure 3.2.6: Mean number of hours a week others take over household tasks.                                           

Figure 3.2.7: Mean Aggregated Impediment Score for unpaid work by heairng aid ownership.                                                                        
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Figure 3.2.8: Percentage of people in non hearing aid group reporting hindrances in daily activities.
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Figure 3.2.9: Percentage of people in non hearing aid group reporting hindrances in daily activities.
Figures 3.2.1 and 3.2.2 show that the non-hearing aid users experience hindrances at work due to health problems and hearing impairment. Of the working participants, 58% are sometimes hindered by health problems and 50% of this group are occasionally hindered by hearing impairment. Because the sample size is too small, nothing can be said about the hearing aid users. Unfortunately, the same thing goes for both Efficiency Scores.

However, we can analyse productivity losses experienced in unpaid work. It seems that hearing aid users receive more help in household tasks than do non-users (Figure 3.2.5). Of the non-users, 30% have some kind of help in housekeeping, compared to 45% of hearing aid users. An equal amount in both groups has help from family members and others like neighbours or volunteers, but hearing aid users use the assistance of paid household help for significantly more hours. The number of hours people receive help from others does not differ between the two groups, although non- hearing aid users get more help from family members and less from others, whereas the opposite is the case for hearing aid users (Figure 3.2.6).

To evaluate whether more help is needed by hearing aid users because of their hearing impairment, the Aggregated Impediment Score (AIS) for unpaid work is analysed. It seems that there is a significant difference in reported hindrances experienced due to health problems or hearing impairment between hearing aid users and non users, according to the Mann-Whitney U test (P-value = .020). The mean Aggregated Impediment Score describes the hindrances experienced by health problems, and asks in addition if the health problem mentioned concerns hearing impairment. The results of that question are shown in Figures 3.2.8 and 3.2.9. There is some variation in the percentage of people said to be hindered by hearing impairment, but approximately 3% report hinder in each activity factor in both groups. We conclude that the difference in the AIS for unpaid workis not caused by hearing impairment.
3.3 Medical consumption

3.3.1 Frequency of contact and costs of medical consumption


Medical consumption has been analysed in order to see if a difference can be found between hearing aid users and non hearing aid users according to costs and the number of visits they pay to health facilities. The frequency of contact with health facilities has been expressed as the number of contacts with general practitioner, physical therapist and medical specialist during the past 3 months. Medical consumption costs are computed by multiplying the number of visits with the tariff for the standard health professional fee.  

Figure 3.3.1.1 shows the mean number of contacts with health professionals, while Table 3.3.1.1 presents the statistics. The number of contacts per specialist is illustrated in Figure 3.3.1.2 and the exact numbers can be found in Table 3.3.1.2.

The mean costs for medical consumption are presented in Figure 3.3.1.3, while maximum, mean and standard deviation values are shown in Table 3.3.1.3. The composition of the specialist costs is presented in Figure 3.3.1.4. Statistics of these values are summarised in Table 3.3.1.4.


Differences in the number of visits and costs between groups are analysed using the non-parametric Mann-Whitney test, which ranks median values in order to assess differences between groups. 
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Figure 3.3.1.1: Number of contacts with health facilities by hearing aid ownership.

Table 3.3.1.1: Maximum, mean, st. dev. and Mann-Whitney test P-values for difference of number of contacts by hearing aid group.
Health
Hearing
Aid

Professional
No (n=175)
Yes (n=76)


Maxi-mum
Mean
Std. dev.
Maxi-mum
Mean
Std.           P-value

dev.

General practitioner
10
1.19
1.44
12
1.59
2.49             .894

Physical therapist
36
1.41
4.75
28
0.92
3.81             .533

Medical specialist
12
0.58
1.42
8
0.87
1.65             .188
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 Figure 3.3.1.2: Mean number of contacts per specialist by hearing aid ownership.

Table 3.3.1.2: Maximum, mean, std. dev. and Mann-Whitney test P-values for difference of number of contacts per medical specialist by hearing aid group.
Medical

Specialist
Hearing
Aid


No (n=175)
Yes (n=76)


Maxi- mum
Mean
Std. dev.
Maxi-mum
Mean
Std.         P-value

Dev.

ENT-specialist
2
.023
.18
5
.227
.69               .000

Cardiologist
9
.125
.75
1
.093
.29                n.s.  

Urologist
1
.017
.13
3
.080
.40                n.s.

Surgeon
3
.051
.29
1
.027
.16                n.s.

Rheumatologist
12
.085
.92
2
.040
.16                n.s.

Orthopedist
1
.023
.15
1
.027
.16                n.s.

[image: image56.emf]Do others take over your household 


tasks due to health problems?


16 weeks


6 weeks


baseline


percentage


100


80


60


40


20


0


yes, family members


yes, others


yes, paid household 


help


no


6


9


9


8


6


11


15


14


76


71


71




Do others take over your household 

tasks due to health problems?

16 weeks 6 weeks baseline

percentage

100

80

60

40

20

0

yes, family members

yes, others

yes, paid household 

help

no

6

9

9

8

6

11

15

14

76

71 71

Neurologist
1
.017
.13
1
.027
.16                n.s.

Lungspecialist
1
.028
.17
2
.080
.39                n.s.

Internal disease sp.
2
.114
.34
1
.067
.25                n.s.

Gynaecologist
0
.000
.00
1
.013
.12                n.s.

Oculist
1
.017
.13
1
.053
.23                n.s.

Dermatologist
6
.078
.61
5
.133
.66                n.s.

Total
12
.579
1.42
8
.867
1.65              n.s. 

n.s.: not (statistically) significant.

Figure 3.3.1.3: Mean costs of medical consumption by hearing aid ownership.        

Table 3.3.1.3: Maximum, mean, std. dev. and Mann-Whitney test P-values for difference of medical consumption costs by hearing aid group. 

Health
Hearing
Aid

Professional
No (n=175)
Yes (n=76)


Maxi-mum
Mean
Std. dev.
Maxi-mum
Mean
Std.            P-value

dev.

General practitioner
  330
  39.33
  47.66
  396
52.43
82.29           .894

Physical therapist
1260
  49.40
166.22
  980
32.16
133.46         .533

Medical specialist
  464
  44.39
  80.13
  486
69.16
109.06         .186

Total
1349.5
134.35
210.43
1013
159.16
213.93         .450
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Figure 3.3.1.4: Costs of medical specialist by hearing aid ownership.

Table 3.3.1.4: Maximum, mean, std. dev. and Mann-Whitney test P-values P-value for difference of accrued specialist costs in Dutch guilders by hearing aid group.

Medical
Hearing
Aid

Specialist
No (n=175)
Yes (n=76)


Maxi-mum
Mean
Std. dev.
Maxi-mum
Mean
Std.                P-value

dev.

ENT-specialist
  86
  1.47
11.16
  86
13.76
  31.74               .000  

Cardiologist
122
  8.31
30.83
122
11.39
 35.73                  n.s.

Urologist
114
  1.94
14.80
114
  6.08
 25.78                  n.s.  

Surgeon
  48.5
  1.93
  9.50
  48.5
  1.30
   7.86                  n.s.

Rheumatologist
212
  3.61
27.52
212
  5.65
 34.38                  n.s. 

Orthopedist
  56.5
  1.28
  8.44
  56.5
  1.51
   9.16                  n.s.

Neurologist
139
  2.37
18.04
139
  3.70
  22.54                 n.s.

Lungspecialist
211
  6.00
35.15
211
  8.44
  41.63                 n.s.

Internal disease sp.
139
15.00
43.26
139
  9.27
  34.91                 n.s.

Gynaecologist
    0
   0.0
   0.0
131
  1.75
  15.13                 n.s.

Oculist
  39
  0.67
  5.06
  39
  2.08
    8.82                 n.s.

Dermatologist
  79.5
  1.80
11.86
  79.5
  4.24
  17.99                 n.s.

Total
464
44.39
80.13
486
69.16
109.06                 n.s.

n.s.: not (statistically) significant 

As shown in Figure 3.3.1.1 and Table 3.3.1.1, no significant difference is observed between the two groups in the number of visits paid to the general practitioner, physical therapist or medical specialist. The distribution of contacts according to medical specialists (Figure 3.3.1.2), shows only a difference in the number of visits paid to the ENT-specialist (Table 3.3.1.2). Hearing aid users went approximately 10 times more often to the ENT-specialist than did non-users. Since hearing aid users have the same amount of contacts with other specialists as those without an aid, it appears that there is no difference in health condition.



For each health professional a specific tariff is computed which constitutes the total medical consumption costs. The tariffs for specialists vary from 39 to 212 Dutch guilders per year, as can be seen in Table 3.3.1.3. Figure 3.3.1.3 shows that the costs for medical specialists are higher for the hearing aid group than for the non hearing aid group, but not significantly so. When the total specialist costs are broken down into individual specialties, it is evident that roughly 29% are ENT-costs for the hearing-aid group, compared with 13.9% for the non hearing aid group (Table 3.3.1.4). 



Except for a difference in frequency of contact with and costs for ENT-specialists, no difference has been found in medical consumption between the two groups. There is no reason to suppose that people with hearing aids are less healthy or consume more medical facilities than do those without.

3.3.2 Comorbidity

Comorbidity refers to the prevalence of chronic diseases and other ailments and is expressed as the number of diseases a person has suffered from during the past year or still does. Mean comorbidity as a function of sex and age is presented in Figures 3.3.2.1 and 3.3.2.2. Tables 3.3.2.1 and 3.3.2.2 show the descriptives. The relationship between comorbidity and hearing disability is shown in Figure 3.3.2.3, whereas the correlation between comorbidity and Quality of Life is presented in Figure 3.3.2.4. Correlation Coefficients are summarised in Tables 3.3.2.3 and 3.3.2.4.

Figure 3.3.2.1: Mean comorbidity by hearing aid ownership and sex. 
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Table 3.3.2.1: Maximum, mean, std. dev. and independent samples T-test P-values for difference of comorbidity by sex.

Sex
                                           Hearing aid


No 
Yes 



n
Maxi-mum
Mean
Std. dev.
n
Maxi-mum
Mean


Std. dev.
P-value

Total group
167
10
2.67
2.08
74
10
3.47
2.47
.017

Male
72
10
2.55
2.12
48
10
3.16
2.20
.141

Female
95
10
2.79
2.07
26
10
4.00
2.81
.049
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Figure 3.3.2.2: Mean comorbidity by hearing aid ownership and age group.

Table 3.3.2.2: Maximum, mean std. dev. and independent samples T-test P-values for difference of comorbidity by age group.

Age group
Hearing aid


No (n=169)
 Yes (n=75)



n
Maxi-mum
Mean
Std. dev.
n
Maxi-mum
Mean
Std. dev.
P-value

55-64
53
8
2.49
1.95
25
8
3.40
2.20
.069

65-74
48
10
3.10
2.42
24
10
2.79
1.64
.570

75+
68
10
2.51
1.91
26
10
4.15
3.16
.019



The T-test for independent samples indicates a statistically significant difference between the hearing aid ownership groups in the mean comorbidity score (Table 3.3.2.1).  

The prevalence of other diseases is not distributed equally over sex and age groups, as can be seen in Tables 3.3.2.1 and 3.3.2.2. Significant differences in comorbidity also emerge for females and people aged 75 years and older. No positive trend is seen in comorbidity as a function of age, confounding expectations. In the non-users group, people aged between 65 and 74 years have a higher comorbidity score than would be expected, whereas this age group has a lower score in the hearing aid users group. 

Figure 3.3.2.3: Amsterdam Inventory total score by comorbidity versus hearing aid ownership.
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              Table 3.3.2.3: Statistics of scatter plot.

Statistics correlation AI total – comorbidity
Hearing aid


No
Yes

Pearson Correlation Coefficient
.264
.329

P-value
.001
.014
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Figure 3.3.2.4: Dolan Algorithm by comorbidity versus hearing aid ownership.

                  Table 3.3.2.4: Statistics of scatter plot.
Statistics correlation EuroQol Dolan  - comorbidity
Hearing aid


No
Yes

Pearson Correlation Coefficient
-.599
-.520

P-value
.000
.000

A scatterplot of comorbidity versus hearing disability (Figure 3.3.2.3) shows that the higher comorbidity, the more people complain about their hearing ability. The correlation is weak but significant for both groups. 

Furthermore, the relationship between comorbidity and Quality of Life has been assessed. A strong and significant Correlation Coefficient is observed (Table 3.3.2.4). This indicates that increased comorbidity means a lower quality of life score, as determined by Dolan’s Algorithm.  The EuroQol score, according to Dolan, is sensitive for health and illness and is therefore confirmed as a good measure for Health Related Quality of Life. 

3.4 Social interactions
Hearing impairment often results in reduced ability to communicate and is therefore related to loneliness, low self-esteem and social isolation. To evaluate these implications, several questions were asked about social contacts such as:

· How many people pay you a visit each month?

· How often do you visit other persons?

· How much has your physical health or emotional problems hindered you in your social activities with your family, friends, neighbours or others during the past four weeks?

· How often has your physical health or your emotional problems hindered you during the past four weeks in your social activities?

The answers to these questions are added up to a sum score which ranges from 0 to 12. This sum score gives some insight into the frequency of contact and the degree of problems encountered. A higher score represents more contacts and fewer problems than a lower score.

Besides this, a sum score is computed in which only social visists are represented. In this way only the frequency aspect is assessed. Questions included in this sum score are:

· How many people pay you a visit each month?

· How often do you visit someone each month?

The range of this sum score is 0 to 4, with a higher score meaning more contacts.

Finally, the impediment to social contacts is determined using items of the Amsterdam Inventory, the instrument which measures hearing impairment-related quality of life. The questions used in relation to this aspect of social interactions are:

· Can you understand a shop assistant in a crowded shop?

· Can you carry on a conversation with someone in a quiet room?

· Do you recognise members of your family by their voices?

· Can you carry on a conversation with someone during a crowded meeting?

· Can you carry on a telephone conversation with someone in a quiet room?

· Can you easily carry on a conversation with somebody in a bus or a car?

· Can you carry on a conversation with someone in a busy street?

The range of answers is 0 to 21. The higher the score, the more hindrance is experienced.

The sum scores for these three aspects of social interactions for the two hearing aid groups are displayed in Figure 3.4.1. Statistics of these sum scores are presented in Table 3.4.1. The Mann-Whitney test is performed when data are not normally distributed. In Figure 3.4.2 the relationship between the degree of hearing impairment and quality of social contacts is shown for the two groups. The Correlation Coefficient and the P-value are shown in Table 3.4.2
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Figure 3.4.1: Social interaction by hearing aid ownership.

Table 3.4.1: Maximum, mean, std. dev. and P-values of Mann-Whitney test and independent samples test for difference in social interactions by hearing aid group.
Social interactions
Hearing
Aid


No (n=175)
Yes (n=76)


Maxi-mum
Mean
Std. dev.
Maxi-mum
Mean
Std.       P-value

dev.

Social contacts
12
9.36
2.08
12
8.95
2.34            .120

Social visits
  4
2.18
0.98
  4
2.05
1.00            .371

Impediment to social contacts
19
3.06
3.93
20
7.88
5.71            .000

As is shown in Figure 3.4.1, a significant difference is found between the quality of social contacts of people with a hearing aid and of people without one. It seems that those with a hearing aid have more difficulty in carrying on a conversation in noise and in quiet. There is also more variation (standard deviation) in impediments to social contacts in the hearing aid group. The amount of difficulty seems to be related to the degree of hearing impairment, because the hearing aid group has a significantly greater hearing loss. It was opted to analyse the relationship between the Fletcher Index in the best ear and the quality of social contacts. 

Figure 3.4.2: Fletcher Index in the best ear by impediment to social contacts versus hearing aid ownership.
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                   Table 3.4.2: Statistics of scatterplot.

Statistics correlation FI best ear –impediment to social contacts
Hearing aid


No
Yes

Pearson Correlation Coefficient
-.467
-.458

P-value
.000
.000

A significant negative relation is observed between the degree of hearing impairment and reported impediment to social contacts for both groups (Figure 3.4.2). The Pearson Correlation Coefficient, which describes the strength and direction of a relation, is almost equal for both groups.

These findings suggest that although hearing aid users have the same amount of social contacts, they experience more problems with these interactions than do people without aids. 

3.5 Hearing Attitudes in Rehabilitation Questionnaire

As previously mentioned in the Popular Version, fewer than 20% of the people with hearing complaints have a hearing aid. Various studies indicate that this may be related to people’s attitudes towards hearing impairment and hearing aids [Gillhome Herbst et al, 1991; Ward et al, 1993; Liston et al, 1995; Brink  et al, 1996; Brooks, 1996; Gated, 1997].


To evaluate if there is a difference in attitude towards hearing impairment and hearing aids between people using an aid and people not, we administered the Hearing Attitudes in Rehability Questionnaire (HARQ) in the Comparative Study. The HARQ is a questionnaire developed by Hallam and Brooks [1996], which contains 40 items and is divided into 7 factors. Four factors concern hearing aids: 

· Hearing aid stigma

· Aid not wanted

· Pressure to be assessed

· Positive expectation of the aid

Three factors address hearing impairment:

· Personal distress and inadequacy

· Hearing loss stigma

· Minimalisation of hearing impairment

Table 3.5.1 shows examples of statements of each factor.

Table 3.5.1: Examples of statements per factor. 

Factor
Statement

1. Hearing aid stigma
I think that if you wear a hearing aid people tend to ignore you.

2. Aid not wanted
I don’t really want a hearing aid.

3. Pressure to be assessed
It is due to pressure from my family or friends that I am having my hearing assessed.

4. Positive expectation of the aid
I would expect to get used to using a heaing aid in a matter of days.

5. Personal distress and inadequacy
My hearing loss makes me feel isolated from other people.

6. Hearing loss stigma
I am sure that some people think I am stupid just because I have a hearing loss.

7. Minimisation of hearing impairment
I have come to regard whatever hearing difficulties I may have as a problem not worth bothering about.

Possible answers are: true, partly true and not true and are scored 1, 2 and 3, respectively. Scores are added up to a sum score per factor.  Statements are negatively formulated, so a higher score represents a more positive attitude than a lower score. Sum scores per factor are presented in Figure 3.5.1.

Figure 3.5.1: Sum scores of the factors of HARQ by hearing aid ownership.

[image: image64.emf]Do you have more pleasure


in social contacts?


16 weeks


6 weeks


percentage


100


80


60


40


20


0


yes, a lot more


yes, some more


no the same


39


39


39


37


22


24




Do you have more pleasure

in social contacts?

16 weeks 6 weeks

percentage

100

80

60

40

20

0

yes, a lot more

yes, some more

no the same

39 39

39 37

22

24

Table 3.5.2: Minimum, maximum, mean, std.dev and independent samples T-test P-values for HARQ factors by hearing aid ownership.

Factor
                                                  Hearing aid


No (n=85)
Yes (n=63)



Mini-mum
Maxi-mum
Mean
Std. dev.
Mini-mum
Maxi-mum
Mean
Std. dev.
P-value

1
9
27
20.77
4.24
1
27
20.11
4.58
.368

2
6
15
13.76
1.92
5
15
13.32
2.38
.209

3
4
18
10.81
2.52
8
18
12.24
1.87
.000

4
13
27
21.34
2.99
12
27
21.08
3.50
.367

5
4
15
10.84
2.55
6
15
13.24
2.24
.000

6
3
9
8.00
1.51
3
9
7.47
1.53
.033

7
1
9
4.46
1.72
3
9
5.57
1.40
.000

No difference in ‘personal distress’ between the two groups is observed. The ‘hearing impairment stigma’ is comparable in both groups. There is, however, a statistically significant difference observed between non hearing aid users and hearing aid owners concerning ‘minimalisation of hearing impairment’. Hearing aid owners consider their hearing impairment a serious problem and find it more important, in comparison with non hearing aid users. 


As expected, more disparities are seen between hearing aid owners and non hearing aid users concerning hearing aids, as a significant difference between the two groups is detected in three out of four factors. The sum scores for the ‘hearing aid stigma’ are almost equal. The group without a hearing aid seems to be more negative about hearing aids, but this difference is not statistically significant. In addition, persons with an aid acknowledge the need for a hearing aid and are more willing to try one, in comparison with individuals without a hearing aid.

We also found a difference in the sum score for ‘pressure to be assessed’ between the two groups. It seems that participants with an aid have experienced significantly more pressure from their family or friends to be fitted with a hearing aid. Finally, hearing aid owners have a  positive expectation of getting used to the hearing aid, and they expect that they will hear as easily with their hearing aid as before. The sum score for this positive attitude is significantly lower in the group without a hearing aid. 

4 Study design of the Clinical Study

4.1 Study population

The study population consists of individuals aged 18 years and older, living in the Netherlands, who recently became hearing aid users and consequently visited the Ear, Nose, and Throat (ENT) clinic of Maastricht University Hospital or the periferal departments of the Audiological Centre Hoensbroeck in Venlo and Venray. A new user is defined as someone who has not had a hearing aid during the past five years. Having had a hearing aid in the past five years without actually using it for a period of six months allows inclusion in the study. Persons not mentally capable of answering the questionnaires, not able to come to the hospital, or not able to speak and understand Dutch were excluded from the study.

4.2 Study design

The study design is an uncontrolled experiment with a baseline and two follow-up measurements. The intervention is aimed at fitting hearing impaired people with a hearing aid. The study design is explained in Figure 4.2.1. 

Figure 4.2.1: Study design of the Clinical Study
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     Baseline                                  First Follow-up

  Second Follow-up

measurement

     mea
surement                       measurement

The patients entered the study just after receiving a hearing aid prescription, if they were eligible for the study and gave their written informed consent. The baseline measurement occurred immediately after obtaining informed consent and consisted of an audiometric measurement and completion of a questionnaire. The intervention took place at baseline and consisted of fitting hearing impaired adults with a hearing aid. Six weeks after the baseline measurement, a visit was made to the audiology clinic. The patients who kept the hearing aid had the first follow-up measurement immediately after this checkup, and a questionnaire was administered again. Four months after the baseline measurement, patients were seen for the second follow-up measurement. 

4.3 Population data

According to the sample size calculation, it was expected that 223 patients would be needed to detect an effect. In that case, more than 4 ENT clinics would need to participate. However, as this study was originally performed as a pilot study, it was decided to collect a maximum of 95 patients to obtain an insight into the benefits of fitting hearing impaired adults with hearing aids. The final number of participants is given in Table 4.3.1. Age and degree of hearing impairment (Fletcher Index best ear) is presented in Table 4.3.2. In Table 4.3.3 other characteristics of the participants are given.

Table 4.3.1: Number of participants in Clinical Study.


Baseline
6 weeks
16 weeks

Number of participants
126
88
66

Table 4.3.2: Mean, minimum, maximum and std. dev. of age and Fletcher Index (FI) best ear of Clinical Study population.
Population, 16 weeks
Mean
Minimum
Maximum
Std. dev

Age
68.59
40
95
11.36

FI best ear
47.55
26.67
71.67
  9.47

Table 4.3.3: Prevalence in percentage of sociodemographic characteristics of the Clinical Study population.
Population, 16 weeks


Sex
Male, %                                                                            56.1

Female, %                                                                        43.9

Marital status
Married/living together, %                                               66.7

Married/living separately, %                                              0.0

Widow/widower, %                                                          23.3

Unmarried, %                                                                     7.6

Unmarried/living together, %                                            3.0

Employment
Yes, %                                                                              15.2

No, %                                                                               84.8

Social Economic Status
Unskilled labour, %                                                           6.6 

Skilled work, %                                                                 6.6

Lower/intermediate position, %                                      29.5

Self-employed small business, %                                      6.6

Intermediate/higher position, %                                         6.6

Self-employed with higher staff/higher work, %             44.3

Residence Form
On my own, %                                                                 93.9

Retirement home, %                                                          1.5

Domestic situation

Children at home
Nursing home, %                                                               1.5

Otherwise, %                                                                     1.5

Living alone, %                                                               21.2

Living with more people, %                                            78.8  

Yes, %                                                                              15.2

Mean age:                                                                         21.8

No, %                                                                               84.8

A large range in age is seen among the participants in the study. The youngest is 40 years old and the oldest is 95 years old. The mean hearing loss is 47.55 dB at 1, 2 and 4 kHz in their best ear. A large range is also covered (Table 4.3.2).  


When the percentage of employed participants in the study population is compared to the percentage of employed persons in the Dutch population with the same mean age, no agreement is found. In the study population, 15.2% are employed. Most of the employed people are younger than 65 years old, as 28.8% of this study group is 65 years or younger. However, out of the latter group, 42% have paid employment. This figure corresponds with characteristics of the Dutch population.


For other characteristics, such as Social Economic Status, form of residence and domestic situation, no deviation is observed in comparison with the Dutch population. In general, it can be said that this study group is a representative sample of the Dutch population.


Figure 4.3.2 shows the relationship between the degree of hearing impairment and age. In the Comparative Study (see Section 2.2), a significant correlation is observed between FI in the best ear and age. The Pearson Correlation Coefficient was -.470 and -.220 for the non-hearing aid users and the hearing aid users, respectively.  The Pearson Correlation Coefficient for the Clinical Study is  -.261 and lies between the two values. This means that the hearing aid users group of the Clinical Study is comparable to participants in the Comparative Study concerning the relationship between degree of hearing impairment and age.

Figure 4.3.2: Fletcher Index best ear by age.
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                 Table 4.3.4: Statistics of scatterplot
Pearson Correlation Coefficient
-.261

P-value
.044

5 Results of Clinical Study

5.1 Quality of Life

Hearing loss has great influence on the quality of life because it restricts and impedes the ability to perform many activities in a normal way. Adverse effects have been reported on the quality of life in general, and on physical, behavioural, cognitive, emotional and social functioning. Most studies report that the adverse effects of hearing disorders on Health Related Quality of Life are reversible with hearing aids [Appolonio 1996, Jerger 1995, Lindgren 1994, Mulrow 1990].


Quality of life was assessed using a disease specific and a generic measure. The hearing impairment specific questionnaire, called the Amsterdam Inventory, was developed by Kapteyn and Kramer [1996]. The generic measure, the EuroQol, which measures overall quality of life, was developed by Dolan and his research group [Gudex, 1996]. It consists of five questions plus a Visual Analogue Scale.

5.1.1 Amsterdam Inventory

In this study, self-reported hearing disability was assessed using the Amsterdam Inventory for auditory disability. This inventory consists of 28 questions dealing with a variety of everyday listening situations. Five factors, interpreted as five basic auditory disabilities, are distinguished: auditory localisation, detection of sounds, distinction of sounds, intelligibility in noise and intelligibility in quiet. Four factors are covered by five questions and one factor (distinction of sounds) is covered by eight questions. Every question has four possible answers: almost never, sometimes, often and almost always. Disability scores were calculated by summing the responses to the corresponding questions included in each factor. A higher score represents a greater dysfunction.


Scores assessed at baseline, 6 weeks and 16 weeks follow-up are presented in Figures 5.1.1.1, 5.1.1.2 and 5.1.1.3, respectively, and together in Figure 5.1.1.4. Statistics are shown in Tables 5.1.1.1-5.1.1.1.3.

[image: image74.emf]Experienced hindrance


Baseline


Activity


others


education


children


volunteer work


chores


percentage


100


80


60


40


20


0


hindered by


hearing impairment


hindered by 


health problems


not hindered


19


10


31


18


12


26


29


50


77


83


65


71




Experienced hindrance

Baseline

Activity

others

education

children

volunteer work

chores

percentage

100

80

60

40

20

0

hindered by

hearing impairment

hindered by 

health problems

not hindered

19 10

31

18 12

26

29

50

77

83

65

71

Figure 5.1.1.1: Mean scores of Amsterdam Inventory factors, measured at baseline.

Table 5.1.1.1: Minimum, maximum, mean and std. dev of baseline Amsterdam Inventory factors.

Factor
Amsterdam Inventory


Minimum
Maximum
Mean
Std. dev.

Auditory localisation
0
15
5.40
3.95

Detection of sounds
0
13
4.70
3.05

Distinction of sounds
0
22
4.21
4.39

Intelligibility in noise
0
15
7.62
3.18

Intelligibility in quiet
0
14
7.23
3.46

[image: image75.emf]Experienced hindrance


6 weeks


Activity


others


education


children


volunteer work


chores


percentage


100


80


60


40


20


0


hindered by 


hearing impairment


hindered by 


health problems


not hindered


8


20


26


24


45


80


100


68


68


54




Experienced hindrance

6 weeks

Activity

others

education

children

volunteer work

chores

percentage

100

80

60

40

20

0

hindered by 

hearing impairment

hindered by 

health problems

not hindered

8

20

26

24

45

80

100

68 68

54

Figure 5.1.1.2: Mean scores of Amsterdam Inventory factors, measured at 6 weeks.
Table 5.1.1.2: Minimum, maximum, mean and std. dev. of 6 weeks Amsterdam Inventory factors.

Factor
Amsterdam Inventory


Minimum
Maximum
Mean
Std. dev.

Auditory localisation
0
14
2.97
3.73

Detection of sounds
0
12
1.53
2.14

Distinction of sounds
0
17
2.64
3.66

Intelligibility in noise
0
14
2.79
2.95

Intelligibility in quiet
0
12
2.67
2.46
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Figure 5.1.1.3: Mean scores of Amsterdam Inventory factors, measured at 16 weeks.

Table 3: Minimum, maximum, mean and std. dev. of 16 weeks Amsterdam Inventory factors.

Factor
Amsterdam Inventory


Minimum
Maximum
Mean
Std. dev.

Auditory localisation
0
14
2.20
3.12

Detection of sounds
0
13
1.08
2.06

Distinction of sounds
0
19
1.68
3.25

Intelligibility in noise
0
15
2.62
2.77

Intelligibility in quiet
0
15
2.45
2.55
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Figure 5.1.1.4: Decrease in mean score on Amsterdam Inventory.

Table 5.1.1.4: Wilcoxon Signed Ranks Tests P-values for difference between baseline – 6 weeks and baseline – 16 weeks for Amsterdam Inventory.

Factor
Amsterdam Inventory


6 weeks
16 weeks

Auditory localisation
.000
.000

Detection of sounds
.000
.000

Distinction of sounds
.004
.000

Intelligibility in noise
.000
.000

Intelligibility in quiet
.000
.000

As can be seen in Figure 5.1.1.4, disability scores decrease dramatically at the first and second follow-up measurement with respect to baseline. Since scores are not normally distributed at the two follow-up measurements, Wilcoxon Signed Ranks Tests have been performed to assess the differences. The changes were all statistically significant (Table 5.1.1.4). After hearing aid fitting people experience fewer problems in listening situations, with especially substantial improvement in the factors intelligibility in noise and in quiet.

5.1.2 Hearing Quality of Life

This section of the questionnaire starts with a specific hearing related part, followed by a section on generic hearing quality of life.

The first part consists of five questions from the Amsterdam Inventory; questions with the highest loading per factor are taken, and a hearing specific Visual Analogue Scale. The specific VAS has a range from 0 to 100 (deaf to perfect sense of hearing, respectively). In the baseline questionnaire, participants are asked to value personal hearing ability without a hearing aid, and again 6 weeks and 16 weeks after baseline with the hearing aid. Figure 5.1.2.1 presents the results. Table 5.1.2.1 summarises the descriptives. 
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Figure 5.1.2.1: Change in specific Hearing Quality of Life.

Table 5.1.2.1: Minimum, maximum, mean, std. dev. and paired samples T-test P-vales of specific Hearing Quality of Life score.

Moment
Specific Hearing Quality of Life score


Minimum
Maximum
Mean
Std. dev.
P-value

Baseline
10
80
51.36
12.91


6 weeks
50
100
77.92
11.25
.000

16 weeks
35
100
78.18
11.22
.000

The second part consists of a generic VAS, which has a range from 0 to 100 (worst to best imaginable health state, respectively). Some imaginary health states were described and participants were asked to place them on the line. One of those anchor points was “deaf”. Then the respondents were asked to place their own health state regarding only their sense of hearing on the line.  Results are shown in Figure 5.1.2.2. In Table 5.1.2.2 statistics are presented.

These findings lead to the conclusion that the gain in the quality of life affected by hearing impairment has substantially increased after hearing aid fitting.
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Figure 5.1.2.2: Change in generic Hearing Quality of Life score.

Table 5.1.2.2: Minimum, maximum, mean, std. dev. and paired samples T-test P-values of generic Hearing Quality of Life score.
Moment
Generic Hearing Quality of Life score


Minimum
Maximum
Mean
Std. dev.
P-value

Baseline
25
95
63.15
14.67


6 weeks
10
100
76.15
15.04
.000

16 weeks
60
100
78.52
10.03
.000

The first Visual Analogue Scale (VAS 1) measures hearing impairment on a deaf to perfect hearing sense scale and the second VAS (VAS 2) measures hearing impairment on a worst to best imaginable health state scale. We can then perform a transformation from the specific to the generic scale, whereby corresponding anchor points are connected.


Most people find it is easier to place their sense of hearing on the specific VAS than on the generic one because the definition of the line is easier to interpret and the line is longer.

Figure 5.1.2.3: Transformation from VAS 1 to VAS 2
VAS 1:
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In Figure 5.1.2.3 “before” means before hearing aid fitting and “after” means after hearing aid fitting. The scores presented in the Figure are mean scores measured at 16 weeks.


Gain is expressed as the difference in VAS score between before hearing aid fitting and after hearing aid fitting. On the specific VAS: 78.18 minus 48.64, resulting in a gain of 29.54 (gain 1). For the second VAS (generic) this means a gain of 78.52 minus 59.05 and is equal to 19.47 (gain 2).


There is a linear relationship between the two lines. The transformation was made by a linear regression model. The regression model is as follows:


The 95% Confidence Interval ranges from 17.48 to 20.68, which means that the real value lies with 95% certainty between these two values. Gain 2 is used in the Costs/QALY calculation described in the Popular Version. 

In Table 5.1.2.2, the presented scores of generic Hearing Quality of Life are so-called prospective values. This means that hearing ability is valued at this moment. As can be seen in Figure 5.1.2.3, utility gain is expressed as the difference between the hearing ability valued on the VAS after receiving a hearing aid and the hearing ability valued before receiving a hearing aid. The latter value is a so-called retrospective value, as the participants are asked at 16 weeks to value their hearing ability as it was before the hearing aid fitting. This retrospective value is therefore not equal to the baseline value, 63.15 (See Table 5.1.2.2). The retrospective value (59.05) is lower than the baseline value, since persons only realise what they have missed (without having a hearing aid), until they experience hearing using a hearing aid.  

5.1.3 EuroQol

The EuroQol questionnaire [Hurst, 1997] consists of five questions regarding various dimensions of Health Related Quality of Life: 

· mobility 

· pain and other complaints

· self-care ability 

· ability to perform daily activities  

· feelings of anxiety and depression

These five dimensions are designed to explain the variation in overall Health Related Quality of Life. The last part of the questionnaire consists of a Visual Analogue Scale (VAS) and is used for valuation of the health state.


The questionnaire provides two scores for the generic quality of life. The first is the score on the Visual Analogue Scale, which lies between 0 and 100 (worst and best imaginable health state, respectively). The second is the Dolan Algorithm score [Dolan, 1995]. This is a score between 0 and 1, assessed by a formula in which weights are assigned to each EuroQol item. The Algorithm is based on a large population survey. This is a more valid measurement determining the utility value.


Figures 5.1.3.1 and 5.1.3.2 show the mean and median of the VAS measurements, whereas descriptives are presented in Table 5.1.3.1. In addition, differences between baseline and the follow-up measurements have been computed and are presented as boxplots in Figures 5.1.3.3 and 5.1.3.4. Statistics are summarised in Table 5.1.3.2.


Figure 5.1.3.1: Mean EuroQol score, measured by Visual Analogue Scale.
Figure 5.1.3.2: Median of EuroQol score, measured by Visual Analogue Scale.

Table 5.1.3.1: Minimum, maximum, mean, std. dev., median and Wilcoxon Ranked t-test P-values for difference of EuroQol VAS.

Moment
EuroQol VAS


Minimum
Maximum
Mean
Std. dev.
Median
P-value 

Baseline
10
100
69.39
17.20
70


6 weeks
25
100
71.67
16.20
75
.403

16 weeks
10
100
71.29
15.79
75
.436

Figure 5.1.3.3: Change in EuroQol score, measured by Visual Analogue Scale.

Figure 5.1.3.4: Mean EuroQol score, measured by Dolan Algorithm.

Figure 5.1.3.5: Median of EuroQol score, measured by Dolan Algorithm.

Table 5.1.3.2: Minimum, maximum, mean, std. dev., median and Wilxoxon Ranks t-test P-  values for difference for EuroQol score, measured by Dolan Algorithm.

Moment
EuroQol Dolan Algorithm


Minimum
Maximum
Mean
Std. dev.
Median
P-value

Baseline
0
1
.80
.22
.85


6 weeks
0
1
.82
.24
.87
.098

16 weeks
0
1
.84
.21
.93
.080

In Figure 5.1.3.1, the gain is 2%. The error bar shows the mean and the 95% Confidence Interval, whereas in Figure 5.1.3.2 the gain is 5%. Here, the median is given in a boxplot. The box contains 50% of all observations. When a variable is not normally distributed, the median is a more precise measure of central tendency than the mean. Therefore, the median of the difference between the follow-up measurements is considered using a boxplot in Figures 5.1.3.3 and 5.1.3.6. As can be seen, the median of the difference is 0 in both EuroQol scores.  The boxplot for the Dolan Algorithm also shows that in 50% of all observations the value is greater than 0, because the entire box lies above the 0 line. In the boxplot for the EuroQol VAS score, the majority of the observations lie above the 0 line.


EuroQol measures overall quality of life. In the elderly, hearing impairment is not the most important health problem. Their overall quality of life will be influenced by a number of factors. Often heart condition, asthma or hip problems have more influence on overall quality of life than does hearing impairment. The degrees of these impairments are more likely to fluctuate over time. Besides that, the EuroQol is also sensitive to more short-term changes in health, like influenza.

Figure 5.1.3.6: Change in EuroQol score, measured by Dolan Algorithm.

As expected, the gain on the EuroQol is not very high. The mean gain on VAS after 16 weeks is 2%. As the data

 is not normally distributed, it is advisable to study the median instead. Then the gain is 5%. The Dolan

Algorithm showed a mean gain of 4% at 16 weeks and a median gain of 12%. The gain of 4% was used in the Costs/QALY calculations described in Part 1.


Presumably other health factors influence the gains in quality of life. For example:

· Number of weeks reported sick

· Season in which questionnaire is administered

 
A negative correlation has been found between the mean gain of the Dolan Algorithm at 6 and 16 weeks and the number of weeks reported sick. This gives some proof to the hypothesis that acute diseases can conceal the effect of hearing aid on overall Health Related Quality of Life. However, as discussed in Sections 3.1.3 and 3.3.2, the Dolan Algorithm seems to be sensitive to changes in health state over the long-term. 

In addition, it seems that there was an 11-point improvement in the Dolan Algorithm between baseline measurement which took place in autumn or winter and the 16 weeks follow-up in spring or summer. Whereas when baseline was in spring or summer and the third measurement took place in autumn or winter, the difference was a 1 point decrease. This makes clear that there is a striking influence of season on the effects measured by the EuroQol.

5.1.4 Utility gain

Here will be explained where the gain in utility as a result of using a Hearing Aid does come from. This is a technique to measure the relative contribution of hearing aid aspects [Peters et al, 1999]. Determinants of hearing impairment include the following five:

· Detection of sounds

· Intelligibility in quiet

· Intelligibility in noise

· Auditory localisation

· Distinction of sounds

These determinants are associated with technical aspects of hearing aids. It is therefore important to be able to allocate the total utility gain resulting from using a hearing aid to these five determinants, because this provides an indication of the relative importance of the associated technical properties of a hearing aid. The authors developed some methods that achieve this allocation, the most important one being the so-called egalitarian evaluation (EE). For the technical development and justification of this particular method will be referred to the mentioned publication. Here the application to hearing aids is presented.

For each of the five determinants three levels are distinguished: bad, moderate, and good. 60 individuals were asked to asses their levels for each determinant before and after getting a hearing aid, and to attach utility values on a scale between 0 and 100 to these hearing states. These values  (with exclusion of invalid answers) were aggregated into complete values (i.e., for every possible hearing state) of a representative individual. Thereby, the lowest possible state (i.e., a score “bad” on every determinant) and the highest possible state (a score “good” on every possible determinant) were scaled to 0 and 100, respectively. Applying the EE method resulted in Table 5.1.4.1.

Table 5.1.4.1: Results of application of the EE method.


1
2
3
4
5

Bad
00.0
00.0
00.0
00.0
00.0

Moderate
02.5
05.0
10.0
06.0
20.3

Good
12.8
12.2
13.0
13.1
05.0

Aggregate
15.3
17.2
23.0
19.1
25.3

The interpretation of these numbers is as follows. Each number accounts for the percentage in utility gain that is reached on average by increasing the corresponding determinant to the corresponding level. E.g., the number 02.5 in the first column, second row, represents the average percentual utility gain if the aspect “Detection of sounds” is improved from “bad” to “moderate”. In the aggregate, this determinant “Detection of sounds” contributes 15.3 percent to total utility.  The other numbers and column totals should be interpreted in the same way.

Some detailed conclusions can be drawn from these results. For instance, a move from “bad” to “moderate” on the aspect of distinguishing sounds already accounts for 20% of total utility gain.  Less detailed, the aggregate contributions of each of the five determinants are about 15% for detection of sounds, 17% for intelligibility in quiet, 23% for intelligibility in noise, 19% for auditory localisation, and 25% for distinction of sounds.  These numbers reflect the preferences of the hearing aid users and not the quality of the associated technical aspects of hearing aids. They may, thus, be regarded as an indication of what is important for these users. 

Peters et al [1999] also investigate other methods for measuring the relative contributions of these different determinants. Although these are based on the main general principles they differ in some of the justifying assumptions made, and lead to slightly modified results. 

5.2 Productivity loss

Hearing impairment usually gives rise to communication problems and may even lead to depression and social isolation [Sangster, 1991]. These negative impacts of reduced hearing ability may have consequences in people’s working situations. Therefore, questions about work and health are integrated in the questionnaire in order to evaluate possible loss of productivity due to hearing impairment or other health problems. Questions are based on the Health Labour Questionnaire (HLQ) developed by van Roijen [1996].

The questionnaire deals with four aspects of loss of productivity:

· Impediment to paid work

· Reduced productivity in paid work

· Unpaid labour production

· Impediment to unpaid work

The first two factors are only applicable to participants with employment, whereas the last two factors are answered by everyone.

The first part asks for the degree of hindrance experienced during worktime caused by health problems and by hearing impairment. In the following part, seven expressions concerning health problems and work are presented for assessment. The answers are added up to a sum score, called the Efficiency Score. A higher score means more problems encountered than a lower score. A value on a Visual Analogue Scale, and the efficiency of the days worked with health problems are also reported. Here 1 corresponds with “unable to perform work” and 10 means “work is not influenced by health problems”. This is called the Efficiency Score, VAS.

Finally, two factors follow which consider unpaid labour like household tasks, volunteer work and other activities. One question addresses assistance in household tasks and another addresses the number of hours others spent on these tasks. In the last part statements about health problems and general activities are presented. Answers are combined to a sum score, called Aggregated Impediment Score for unpaid work. The results will be presented per factor.

Figures 5.2.1 and 5.2.2 show the frequency of the reported hindrance at paid work due to health problems and hearing impairment, respectively. The mean Efficiency Score and the Efficiency Score, VAS are presented in Figures 5.2.3 and 5.2.4. Figures 5.2.5 and 5.2.6 show the results of unpaid labour production, and Figure 5.2.7 presents the mean Aggregated Impediment Score. Figures 3.2.8, 3.2.9 and 3.2.10 show the influence of hearing impairment on hindrances to unpaid work. Descriptives of the Efficiency Scores and the Aggregated Impediment Score for unpaid work are presented in Table 3.2.1.

Table 3.2.1: Sample size, minimum, maximum, mean, std. dev and Wilcoxon Signed Ranks t-test P-values for difference of productivity loss parameters by hearing aid group.
Moment
Efficiency Score paid work


n
Minimum
Maximum
Mean
Std.dev.
P-value

Baseline
8
6
12
8.62
2.39


6 weeks
8
6
11
7.0
1.93
.064

16 weeks
8
6
12
7.62
2.45
.279


Efficiency Score VAS

Baseline
7
5
10
8.71
2.21


6 weeks
6
5
10
7.83
1.83
.564

16 weeks
8
5
10
8.75
1.67
1.000


Aggregated Impediment score unpaid work

Baseline
21
5
16
7.98
3.32


6 weeks
18
5
14
7.05
2.71
.382

16 weeks
13
5
8
5.69
0.94
.035

                                                      

Figure 5.2.1: Percentage of reported impediments to paid work due to health problems 

Figure 5.2.2: Percentage of reported impediment to paid work due to hearing impairment. 

As can be seen in Figures 5.2.1 and 5.2.2, eight people of the study group have paid employment. 

At baseline measurement, 63% of the working participants have experienced some degree of hindrance due to health problems. After 6 weeks, this percentage decreases to 13%, and at 16 weeks, 38% of the employed participants report some kind of hindrance (Figure 5.2.1). Even more important and striking is a significant reduction in the percentage of people who report hindrance due to hearing impairment just 6 weeks and 4 months after hearing aid fitting (Figure 5.2.2). This suggests that individuals receive remarkable benefit following a short-term period of hearing aid use.

Figure 5.2.3: Mean sum score of Efficiency Score for unpaid work.
Figure 5.2.4: Mean Efficiency Score, measured by Visual Analogue Scale. 

Figure 5.2.3 shows a decrease in the mean Efficiency Score, which means a decrease of specific production problems. Using the Wilcoxon Signed Ranks Test for non-parametric data, no significant difference is observed in the Efficiency score between baseline and the 6 weeks follow-up (P-value is .064) or between baseline and 16 weeks follow-up (P-value is .279). This is probably caused by the small sample size.

Viewing the Efficiency score measured by the VAS, there is obviously no change in self-perceived efficiency (Figure 5.2.4).

Figure 5.2.5: Percentage of people receiving help with household tasks.    

  

Figure 5.2.6: Mean number of hours a week others take over household tasks.
Figure 5.2.7: Mean Aggregated Impediment Score for unpaid work.                                                                                                                                                                                                                                                               



Concerning help with household tasks, no changes took place in the follow-up period. Approximately 75% of all participants received an average of 10 hours a week help with housekeeping (Figures 5.2.5 and 5.2.6).


The Aggregated Impediment Score for unpaid work is assessed for people for whom it is applicable. This yielded an unequal amount of persons at each measurement, as can be seen in Table 5.2.1. To evaluate if the difference between the measurements is statistically significant, two Mann-Whitney tests were performed. It seems that AIS is significantly lower at 16 weeks, in comparison with the baseline measurement (Table 3.2.1). This indicates that less hindrance is experienced in home and leisure activities due to health problems after the hearing aid fitting. Participants are also asked if hearing impairment played a role in this impediment. Answer on this question at baseline and at the two follow-up measurements are shown in Figures 5.2.8, 5.2.9 and 5.2.10.  

Figure 5.2.8: Percentage of people at baseline reporting hindrance in daily activities.
Figure 5.2.9: Percentage of people at 6 weeks reporting hinder in daily activities. 

Figure 5.2.10: Percentage of people at 16 weeks reporting hindrance in daily activities.

It seems that the number of those reporting hearing impairment as the health problem that impedes the activities in question diminishes after the baseline measurement. This illustrates that hearing impairment is involved as a health problem and that the degree of hindrance experienced in daily activities can be reduced by amplification. 

As discussed in Part 1, illness, absenteeism and disability may result in indirect costs or productivity losses for society. To obtain an insight in these indirect costs, questions about absenteeism due to health problems and hearing impairment were included in the questionnaire. However, people in this study report no absence from work due to hearing impairment. This makes it difficult to comment on the indirect costs of productivity losses for society. 

5.3 Medical consumption
In this section, only the frequency of contact and costs of medical consumption will be presented and discussed. Comorbidity is not viewed, assuming there will be no change in amount of illness from the past year to the coming year.

The presence of a hearing disorder is not often recognised, especially in the elderly [Mulrow, 1990]. This leads to neglecting a substantial handicap, which may result in unnecessary medical consumption. Therefore, medical consumption has been measured by the questionnaire. Each questionnaire asks about the number of visits paid to several health professionals. Frequency of contact with the general practitioner, physical therapist and specialist are viewed as the most important indicators of medical consumption.


Figure 5.3.1 shows number of contacts with health facilities; descriptives are summarised in Table 5.3.1. Medical consumption costs at baseline are presented in Figure 5.3.2, and maximum, mean and standard deviation of the values are shown in Table 5.3.2.   

           However, in the Netherlands, medical specialists mostly use one tariff for an entire year of consultations. Therefore, the consultation frequency does not influence the costs for specialists during one year or after the baseline measurement. Consequently, follow-up costs are not considered. 

The number of contacts with the general practitioner, specialist and physical therapists are shown respectively in Figures 5.3.3, 5.3.4 and 5.3.5, and the statistics are summarised in Tables 5.3.3, 5.3.4 and 5.3.5.

Figure 5.3.1: Mean number of contacts with medical facilities at baseline.
Table 5.3.1: Minimum, maximum, mean and std. dev. of contacts with health facilities.

Health professional
Medical consumption contacts


Minimum
Maximum
Mean
Std. dev.

General Practitioner
0
3
0.80
0.71

Physical therapist
0
18
0.98
3.08

Specialist
0
7.5
0.99
1.10

 Figure 5.3.2: Mean medical consumption costs at baseline in Dutch guilders.

Table 5.3.2: Minimum, maximum, mean and std. dev. of costs for health facilities.

Health professional
Medical consumption costs


Minimum
Maximum
Mean
Std. dev.

General Practitioner
0
198
53.00
47.34

Physical therapist
0
1260
68.94
215.84

Specialist
0
364
122.67
77.33

Figure 5.3.3: Mean number of contacts with General Practitioner.
Table 5.3.3: Minimum, maximum, mean, std. dev. and Wilcoxon Signed Ranks t-test P-values for difference  of contacts with health facilities.

Moment
Number of contacts with G.P.


Minimum
Maximum
Mean
Std. dev.
P-value

Baseline
0
3
0.80
0.72


6 weeks
0
7
0.85
1.30
.384

16 weeks
0
5
0.78
1.06
.377

Figure 5.3.4: Mean number of contacts with medical specialist. 

Table 5.3.4: Minimum, maximum, mean, std. dev. and Wilcoxon Signed Ranks t-test P-values for difference of contacts with health facilities.

Moment
Number of contacts with specialists


Minimum
Maximum
Mean
Std. dev.
P-value

Baseline
0
7.5
0.99
1.10


6 weeks
0
10
0.66
1.60
.002

16 weeks
0
3
0.52
0.72
.004

Figure 5.3.5: Mean number of contacts with physical therapist.
Table 5.3.5: Minimum, maximum, mean, std. dev. and Wilcoxon Signed Ranks t-test P-values for difference of contacts with health facilities.

Moment
Number of contacts with physical therapist


Minimum
Maximum
Mean
Std. dev.
P-value

Baseline
0
18
0.98
3.08


6 weeks
0
18
1.17
3.30
.648

16 weeks
0
18
0.68
2.88
.533

Costs for medical facilities are assumed to be constant over the follow-up period.  Therefore, only change in the number of contacts with health facilities is viewed. The Wilcoxon Signed Rank Tests are performed for this, as the variables are not distributed normally.


No difference was found in the number of contacts with the general practitioner and the physical therapist between the three measuring moments (Figures 5.3.3 and 5.3.5). As expected, a significant decrease in the number of contacts with specialists is seen after 6 weeks and 16 weeks; the P-value is .002 and .004, respectively (Figure 5.3.4). At the baseline measurement, participants have frequent contact with the ENT specialist, who performs tests for anamnese, otology, standard tone and speech audiometry, gives information about hearing aids and gives a prescription for a hearing aid. After 6 weeks and 16 weeks, there is only a check-up of the hearing aid, and this contact is often not mentioned. Therefore, a dramatic decrease is observed in number of contacts. 

As people have to pay one tariff for an entire year of consultations in the Netherlands, hearing aid fitting does not result in cost savings for medical consumption. In countries where one has to pay for each visit, this might be the case.  

5.4 Social interactions

Hearing impairment has great influence on the ability to communicate and is therefore related to loneliness, low self-esteem and social isolation. A hypothesis in this study is that the use of a hearing aid will improve the ability to communicate, leading to more social contacts and more pleasure in social contacts. Therefore, questions about frequency of social contacts and satisfaction with social contacts are included in the questionnaire. Based on responses to the questions, sum scores were computed, resulting in a score for social contacts and a score for social visits. Furthermore, a sum score concerning hindrance in social contacts has been computed with the Amsterdam Inventory items. Scores for social contacts and hindrance in social contacts were not distributed normally; therefore the non-parametric Wilcoxon-test for two related samples had to be performed in order to assess the difference between baseline and the 6 weeks measurement and between baseline and the 16 weeks follow-up measurement. The paired samples T-test was performed for the social visits sum score. The results are shown in Figure 5.4.1 and Table 5.4.1.

Figure 5.4.1: Change in social interactions.  


Table 5.4.1: Minimum, maximum, mean, std. dev. and P-value for difference between baseline and 6 wks and between baseline and 16 wks for social interactions.

Moment
Social contacts sum score


Minimum
Maximum
Mean
Std. dev.
P-value

Baseline
2
12
9.23
2.22


6 wks
3
12
9.66
1.90
.216

16 wks
4
12
9.94
1.60
.032


Social visits sum score

Baseline
0
4
2.21
1.11


6 wks
0
4
2.20
0.95
1.000

16 wks
0
4
2.30
1.02
.549


Hindrance in contacts sum score

Baseline
0
19
8.45
3.60


6 wks
0
18
3.75
3.75
.000

16 wks
0
22
3.80
3.44
.000

The social contacts sum score increases significantly after 16 weeks, compared with baseline. This illustrates that people have more contact with others and are less influenced by hearing problems during their contacts, than they were before hearing aid fitting.


No difference is observed in the social visits sum score, which represents only frequency of contacts. Possibly the range (0-4) is too small to detect an effect.


Hindrance in social contacts diminishes significantly 6 weeks and 16 weeks after baseline measurement, suggesting that participants have fewer problems with, for instance, carrying on a conversation with people on a bus, in a busy street, in a quiet room or during a crowded meeting than they did without a hearing aid.

In the Clinical Study questionnaire, specific questions were asked concerning a possible increase in the number of contacts with others and possible change in the pleasure in contacts with others. These items support the findings of the sum scores. Frequencies are presented in the following bar charts, Figures 5.4.2 and 5.4.3.

Figure 5.4.2: Percentage of people reporting more contacts wtih others.
Figure 5.4.3: Percentage of people reporting more pleasure in social contacts.

At the 6 weeks follow-up measurement, 17% of the participants had had more contacts with others than before the hearing aid fitting. 16 weeks after the baseline measurement, 21% of the study-population had more contacts than without a hearing aid. So, there is an increase in the number of participants reporting more social contacts.


A considerable number of people (76%) claim to have more pleasure in social contacts than 6 weeks before, at baseline. 16 weeks after the baseline measurement, this number increases to 78%. 

The findings show that hearing aid fitting can relieve social isolation. Through hearing aid use, people have both more social contacts with others and enjoy these contacts more. This is an important effect of hearing aid fitting.

5.5 Hearing aid use

A short questionnaire developed by Brooks (in: Van den Brink, 1995) is used to measure hearing aid use. Figure 5.5.1 shows the frequency of hearing aid use in days and Figure 5.5.2 presents frequency of use in hours a day.
Figure 5.5.1: Frequency of hearing aid use in days.

Figure 5.5.2: Frequency of hearing aid use in hours.

6 weeks after baseline measurement, 83% of the participants uses their hearing aid daily. 4 months after hearing aid fitting, this percentage has increased slightly to 85% (Figure 5.5.1). 

Figure 5.5.2 shows that 93% of the study group use their hearing aid more than 4 hours a day after 6 weeks, whereas 79% of the group uses it for more than 8 hours a day. An equal amount of people use their aid for more than 4 hours after 16 weeks, although the percentage of persons who use it for more than 8 hours has decreased to 73%.


There is an increment of frequency of hearing aid use in the number of days, but  in addition, a decrease is observed in the number of hours a day of hearing aid use.

5.6 Hearing Impairment-related Perceptions

Some questions are asked about hearing impairment-related perceptions. These questions attempt to measure the following:

· willingness to pay for a hearing aid

· influence of the level of reimbursement for a hearing aid on hearing aid satisfaction

· the perception of the process of fitting the hearing aid

First, participants are asked what kind of hearing aid is used and in which ear the hearing aid is used. The results are shown in Figure 5.6.1. The degree of satisfaction with the hearing aid is presented in Figure 5.6.2. In Figure 5.6.3, the level of personal contribution toward the hearing aid is given. Table 5.6.1 describes value of personal contribution. In Figures 5.6.4 and 5.6.5 the relationship between the level of personal contribution and the degree of satisfaction at 6 weeks and 16 weeks, respectively, are presented. Answers to the question if the personal contribution played a role in the choice for a hearing aid are presented in Figure 5.6.6. Figures 5.6.7 and 5.6.8 present the influence of other persons on the decision to fit a hearing aid.

Figure 5.6.1: Kind of hearing aid used and ear of hearing aid use.

Figure 5.6.1 shows that most people use a hearing aid behind the ear and only a small proportion owns a channel hearing aid. The Figure also shows that 65% of the participants have a hearing aid in both ears. This percentage does not correspond with the average incidence of binaural-aid fitting for adults in the European clinics, which is about 30% [Bentzen, 1980].

Figure 5.6.2: Percentage of people satisfied with their hearing aid. 


It seems that 59% of the participants are very satisfied with their hearing aid 6 weeks and 16 weeks after receiving it. 5% of the people who report being not at all satisfied at 6 weeks are a bit satisfied 10 weeks later (Figure 5.6.2). This illustrates that people have to get used to wearing a hearing aid and come to appreciate it after a while.

Table 5.6.1: Minimum, maximum, mean, median and std. dev. of personal contribution toward hearing aid.
Moment
Personal contribution toward hearing aid


n
Minimum
Maximum
Mean
Median
Std. dev.

6 weeks
52
9
4000
684.56
347.5
852.65

16 weeks
53
9
4000
704.51
380
846.90

Table 5.6.1: P-values of ANOVA between various levels of satisfaction

6 weeks
16 weeks

Very satisfied – a bit satisfied
.805
.275

Very satisfied – not at all satisfied
.209
.814

A bit satisfied – not at all satisfied
.509
.444

Figure 5.6.3: Level of personal contribution in Dutch guilders. 

Figure 5.6.4: Relationship between level of personal contribution and degree of satisfaction with hearing aid at 6 weeks. 



Figure 5.6.5: Relationship between level of personal contribution and degree of satisfaction with hearing aid at 16 weeks.                                                                                                       Figure 5.6.6: Did your own contribution play a role in your choice for a hearing aid?

The median value of personal contribution is 347.50 Dutch guilders at the first follow-up measurement and 380 Dutch guilders at 16 weeks after baseline measurement (Table 3.6.1). The increase can be explained by a change to a more expensive hearing aid after 6 weeks; people are allowed to try another hearing aid if the first isn’t satisfactory. There are a few outliers, denoted with an asterisk. The distribution of personal contribution differs from  normal distribution. Therefore, median values are presented in boxplots instead of mean values.


Figure 5.6.4 appears to show that with a higher personal contribution, people are less satisfied with their hearing aid. But according to variance analysis, no difference in mean personal contribution is observed between the degrees of satisfaction with hearing aid (Table 5.6.1). A change in the degree of satisfaction is also seen when Figures 5.6.4 and 5.6.5 are compared with each other. Participants reporting being not at all satisfied at 6 weeks are a bit satisfied at 16 weeks. At the second follow-up measurement, there is also no difference in personal contribution between the degrees of satisfaction.
At 6 weeks after baseline, 3% of the participants reported that the amount of personal contribution played an important role in their decision to get a hearing aid. However, 16 weeks after baseline, money played only a small role for 8% of the population. This indicates that money doesn’t play an important role in the decision to get a hearing aid (Figure 5.6.6).

Figure 5.6.7: Important influence on decision to get a hearing aid at 6 weeks. 

Figure 5.6.8: Important influence on your decision to get a hearing aid at 16 weeks.
The influence of others seems more important. Unless there is no agreement between the two follow-up measurements concerning who played an important role, it is evident that the family, partner and participants themselves play a more important role than the ENT specialist, audiologist, supplier and the general practitioner. At 6 weeks after baseline, people report that their families and themselves played equally important roles, whereas at 16 weeks family is most frequently reported to be the most important factor in the decision to get a hearing aid.    
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Figure 2.1: Cost effectiveness ratio
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Figure 2.3.1: Patient flow model
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Figure 3.2.1:  Results on the Hearing Quality of Life Dimensions from the Amsterdam Inventory 





Figure 3.3.1: Cost/QALY cut-off points, Laupacis et al  1992
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