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ABSTRACT 

The study aims to compare the use (and related costs) of different health care 

resources between groups of normally hearing and hearing impaired people. A 

distinction was made between hearing-related and other health care contacts. 

Data were collected at the baseline measurement of the National Longitudinal 

Study on Hearing, and at each month during a subsequent period of six months. 

Hearing status was determined using an Internet speech-in-noise test. The sample 

comprised 1295 normally-hearing and hearing-impaired subjects, aged 18-65 

years. Adjusting for confounders, regression models showed that hearing-

impaired respondents had significantly more contacts and higher costs for 

primary, secondary, and occupational care than normally-hearing respondents 

during the period under investigation. The differences were due to a larger 

number of health care contacts for which hearing impairment was the main 

motive to seek help. After excluding these contacts, the differences in health care 

use and costs between the groups were not significant. This suggests that besides 

hearing-related contacts, adults with hearing impairment do not make more use 

of health care resources than adults without hearing difficulties. 
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INTRODUCTION 

Because of the ageing of our societies, the number of people with hearing 

impairment is likely to increase in the near future. There is ample evidence that 

hearing impairment negatively affects participation in daily life, including working 

life and psychosocial and emotional functioning. A review by Danermark (2005) 

revealed that people with auditory difficulties form a vulnerable group in the 

labour force. Compared to their normally-hearing peers, people with hearing 

impairment demonstrate lower levels of education, higher levels of 

unemployment and increased levels of need for recovery after work (Järvelin et al. 

1997; Parving et al. 2001; Danermark 2005; Nachtegaal et al. 2009a). They also 

seem to be overrepresented in the group of employees taking earlier retirement 

or sick leave (Järvelin et al. 1997; Parving et al. 2001; Danermark 2005; Kramer et 

al. 2006). Examples of psychological and social effects are depression, loneliness 

and social isolation (Kramer et al. 2002; Nachtegaal et al. 2009b). Emotional 

functioning may be disturbed by distress and anxiety due to hearing impairment 

(Kramer et al. 2002; Tambs 2004; Hallam et al. 2006; Nachtegaal et al. 2009b). 

Physiological reactions may also occur. For example, Nachtegaal et al. (2009b) 

reported a significant adverse relationship between hearing ability and 

somatisation. 

 

It is known that the presence of psychosocial health problems is significantly 

associated with the use of health care resources. Several studies have 

demonstrated an increase in the number of primary care visits and specialist 

visits, leading to higher health care costs among people showing somatisation 

compared to those who do not (Vedsted et al. 2001; Barsky et al. 2005; Grabe et 

al. 2009). An association between depression or depressive symptoms and an 

increase in the use of health services and health care costs was also demonstrated 

(Johnson et al. 1992; Simon et al. 1995; Wagner et al. 2000; Grabe et al. 2009).  

 

Based on this knowledge, it is reasonable to assume that, compared to normal 

hearing, hearing impairment and hearing related psychosocial and emotional 

problems may lead to higher levels of health care use among people with auditory 
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difficulties. When someone with a hearing impairment is gradually developing 

complaints such as psychological distress or work related fatigue, he or she might 

seek help for these complaints without realizing that hearing impairment may be 

the underlying cause. Since both hearing impairment and these other problems 

do develop gradually in most cases, persons often don’t see a link between their 

auditory difficulties and arising psychosocial problems. In this way, hearing 

impairment may lead to an increase in health care use over and above health care 

directly related to hearing impairment. 

 

Within the field of audiology, health care use is an important issue to investigate 

for a variety of reasons. First, there is the likelihood of an increasing proportion of 

the population having hearing impairment in the near future, most likely leading 

to an increase in health-care use. In order for policy makers and health care 

providers to prepare themselves and anticipate, they need to know the specific 

domains of health care in which an increase in utilization can be expected. 

Second, health economists may want to anticipate to an increased health care use 

and related costs for society. As Ruben (2000) demonstrated, hearing problems 

have a high economic impact, because of the loss of income resulting from the 

impact of hearing impairment on employment. Inclusion of the costs related to 

health care use in the calculations might even yield a higher impact. This was 

shown by Mohr et al. (2000) who estimated that medical costs related to severe 

hearing impairment comprise about 10% of the total lifetime societal costs. A 

limitation of Mohr’s study was that it only considered the hearing related health 

care use, such as audiological evaluations, whereas use of other health care 

resources by people with severe hearing impairment was not taken into account. 

 

Several other studies have investigated health care use among people with 

hearing impairment. An example is a study by Kurz et al. (1991) who performed a 

national health survey in the USA investigating health care use in the general adult 

population (18 years and older). Their results revealed that hearing-impaired 

persons used significantly more physician services than normally-hearing persons. 

Comparable results were presented by Woodcock and Pole (2007), who studied 

health care use in normally-hearing and hearing-impaired persons. A total of 
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131,422 people aged 12 years and older participated. Four percent reported 

having hearing problems. The presence of hearing impairment significantly 

increased the odds for one or more visits to the general practitioner. Neither Kurz 

et al. (1991), nor Woodcock and Pole (2007) adjusted for potential confounders 

influencing the rate of health care use, such as the presence of other health 

conditions, or socio-economic status. 

 

A study that addressed potential confounding effects from variables, like age, 

education, and income, is that of Zazove et al. (1993). Controlling for these 

factors, they found an increased frequency of physician visits for severely hearing-

impaired and deaf people in comparison with normally-hearing persons. The 

participants were selected from a family practice clinic. The difference between 

the two groups was especially clear in the age group younger than 60. Another 

investigation which adjusted for the presence of chronic conditions, but not for 

educational level or income, was performed by Green and Pope (2001). In this 

study, the amount of outpatient contacts from over 1400 normally-hearing and 

hearing-impaired people (aged 65 years) was examined. Controlling for the 

presence of other chronic diseases and depression, hearing impairment 

substantially increased the likelihood of making at least one visit to a health care 

provider. Excluding contacts for which hearing impairment was the main motive 

to seek help from the analysis had only limited influence on the results. This 

indicates that hearing impaired individuals used more health care resources than 

normally hearing control over and above resources directly related to hearing. 

 

None of the studies above controlled for the full range of potential confounders, 

including demographic variables, socio-economic status and the presence of other 

chronic conditions. Also, only one (Green and Pope 2001) made a distinction 

between health care contacts which were hearing related and contacts not 

related to hearing. Additionally, all investigations above reported on overall use of 

health care resources, without specifying the different types of health care 

sectors, like primary care, secondary care, or psychosocial care. The aim of the 

present study is to compare normally hearing and hearing-impaired adults in their 

use of health care resources and the related costs. We will distinguish different 
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types of health care. Based on the knowledge described above, it is hypothesized 

that hearing impairment may lead to higher levels of health care use (and costs) 

over and above the health care use directly related to hearing. In addition, for 

each resource type it is examined whether hearing impairment entails additional 

contacts over those for which hearing impairment was the main motive to seek 

help. This was done by distinguishing between health care use directly related to 

hearing and not directly related to hearing. 

 

METHODS 

Procedure 

Data for this study were derived from the Dutch “National Longitudinal Study on 

Hearing” (NL-SH). The NL-SH is an ongoing prospective cohort study examining the 

relationship between hearing impairment and several domains in life of adults 

aged between 18 and 70 years, and is conducted over the Internet. A website is 

used to enrol and inform the participants and to collect data. People were invited 

to participate through advertisements and flyers distributed at audiological 

centers and hearing aid dispensers throughout The Netherlands and through 

advertisements posted on both hearing related and non-hearing related websites, 

as well as via a link from the website of the National Hearing test. A more detailed 

description of the NL-SH can be found in Nachtegaal et al. (2009a, 2009b). The 

ethical committee of the VU university medical center approved the study.  

 

The data analysed in the present study were collected at baseline (demographic 

data, hearing ability, co-morbidity, and health care use), but the subset of 

questions on health care use were repeated every month over a period of six 

months, between November 2006 and December 2007. Thus, data on health care 

use were collected longitudinally with time intervals of one month. These 

moments in time will be further referred to as T0 (baseline), T1, T2, T3, T4, T5 and 

T6. 
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Outcome measures 

Hearing ability 

Hearing ability was determined using the “National Hearing Test”, an adaptive 

speech-in-noise test over the Internet. The test uses digit triplets that are 

presented diotically against a background of masking noise, according to an 

adaptive (one up, one down) procedure (Smits et al. 2004; Smits et al. 2006b). 

With the test, the Speech-Reception-Threshold in noise (SRTn, signal-to-noise ratio 

corresponding to 50% intelligibility) is determined. Participants were allowed to 

use either headphones or speakers and were instructed to perform the test in a 

quiet room. In case of headphones, the digits are presented to both ears (diotic). 

The National Hearing Test scores are classified into three categories representing: 

good (SRTn<-5.5dB), insufficient (-5.5 SRTn -2.8) and poor hearing (SRTn>-2.8dB) 

as determined by (Smits et al. 2006a). The validity and reliability of the National 

Hearing Test have proven to be good (Smits et al. 2004; Smits and Houtgast 2005; 

Smits et al. 2006a; Smits et al. 2006b). 

 

Health care use 

The number of contacts with health care providers during the past four weeks was 

used to assess an individual’s health care use. Table 5.1 shows the cascade of 

questions in the survey to estimate the nature and number of contacts with the 

general practitioner. Contact with other health care providers was assessed the 

same way, using the same questions with the term ‘general practitioner’ replaced 

by the discipline of the provider.  A list of all health care providers is given in Table 

5.2. Both providers specialized in hearing or audiology and other health care 

providers were identified in the questionnaire. As shown in Table 5.2, health care 

providers were grouped into primary, secondary, psychosocial, occupational, and 

complementary care. In addition to the number of contacts, respondents were 

asked if the contact with the given health care provider was related to their 

hearing (i.e. whether auditory difficulties were the main motive to seek help) or 

not. 
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Table 5.1. Part of the questionnaire to explore the amount of health care use. As 
electronic questionnaires were used, dynamic routing was applied to skip questions that 
were irrelevant for the participant. 

1. Did you have contact with your general practitioner (GP) during the past four weeks? 
Yes 
No  go to question 2 

 

1a. Did you visit your GP during the past four weeks? 
Yes, number of visits: 
No  go to question 1c 

 

1b. Did you visit the GP because of hearing problems? 
Yes 
No 

 

1c. Did you have a telephone consult with your GP during the past four weeks? 
Yes, number of visits: 
No  go to question 1e 

 

1d. Did you visit the GP because of hearing problems? 
Yes 
No 

 

1e. Did your GP visit you at home during the past four weeks? 
Yes, number of visits: 
No  go to question 2 

 

1f. Did you visit the GP because of hearing problems? 
Yes 
No 

 

For each type of health care provider (i.e. primary, secondary, psychosocial, 

occupational, and complementary care), overall health care use was calculated as 

the sum of the amount of each resource used. In addition to overall health care 

use, health care use without hearing-related contacts was determined for each 

type of care by counting the non hearing-related contacts only. 

 

Health care costs 

The costs for each type of health care provider (i.e. primary, secondary, 

psychosocial, occupational, and complementary care) were calculated as the sum 

of the amount of each resource used, multiplied by its associated unit costs. Costs 

for overall health care use as well as costs for health care use without hearing 

related contacts were calculated. Note that we only investigated the costs of 
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contacts with health care providers; costs of medication and assistive devices 

were not included. Unit costs are presented in Table 5.2.  

 
Table 5.2. Prices used in the cost-analysis. 

Health care provider Costs (€) 
Primary care  
General practitioner – visit a 21.37 
General practitioner – telephone consult a 10.69 
General practitioner – home visit a 42.75 
Physiotherapist a 24.07 
Manual therapist b 34.40 
Mensendieck therapist a 24.34 
Occupational therapist 27.40 
Occupational physician c ‡ (per hour)  151.79 
Occupational hygienist c ‡ (per hour)  128.18 
Reintegration adviser c ‡ (per hour)  94.06 
Company social worker c ‡ (per hour) 112.52 
Psychologist c  78.32 
Social worker b  50.64 
Speech therapist a 26.45 
Hearing aid dispenser 50.00 
  
Secondary care  
Medical specialist (including ENT) 64.37 
Audiological Center – products  

Sober 73.00 
Basic 195.00 
Extensive 562.00 
Very Extensive 1894.00 

Psychiatrist a  80.42 
Other psychosocial worker (mental healthcare center) a   131.21 
Hospital stay d 375.26 
  
Complementary medicine  
Chiropractor c 46.23 
Haptonomist c 65.84 
Craniosacral therapist c 63.33 
Osteopath c 74.53 
Acupuncturist c 48.95 
Homeopath c  57.94 
Others c  
a: According to published Dutch guidelines (Oostenbrink et al. 2004). 
b: According to Dutch Central Organization for Health Care Charges. 
c: Mean price of different practices. 
d: Weighted mean based on Dutch guideline prices of hospital stay in an academic or general hospital 
‡: Also counted as occupational care. 

: Also counted as psychosocial care. 
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If available, Dutch guideline prices were taken to value resource use (Oostenbrink 

et al. 2004). Otherwise, tariffs of the Dutch Healthcare Authority were adopted. 

Costs of categories for which no cost price or guideline prices were available (e.g. 

acupuncturist), were calculated based on the mean tariffs charged by different 

practices. All prices were adjusted to the year 2007, using a consumer price index 

(Dutch Statistics 2009a). The cost price of a visit to a hearing aid dispenser was 

estimated based on communication with several organisations of hearing aid 

dispensers in The Netherlands. Costs associated with care provided by an 

Audiological Center are classified in accordance to the guidelines of the Dutch 

Healthcare Authority. Based on the number of disciplines involved (i.e. speech-

hearing therapist, audiologist, linguist, psychologist, or social worker) and the 

total contact time, four so-called audiological products can be distinguished: 

simple (one discipline and less than 45 minutes contact time), basic (maximum of 

two disciplines or contact time between 45 and 180 minutes), extensive 

(maximum of three disciplines or between 3 and 8 hours), and very extensive 

(more than three disciplines or more than 8 hours). 

 

Confounders 

It is known that demographic and socioeconomic variables influence health care 

use (Andersen 1995; Have et al. 2001; Droomers and Westert 2004). For this 

reason, age, gender, educational level, income, marital status (married or not), 

and living arrangement (living alone or with others) were adopted as confounding 

variables. Educational level was divided into three levels: low (not finished 

elementary school to lower vocational), mid (general intermediate to general 

secondary), and high (higher vocational to post academic). Income was measured 

by asking the participants to choose their gross monthly income category: low 

(less then €1050,-), mid (between €1050,- and €2550,-), high (more than €2550,-), 

and unknown (don’t know; don’t want to report). 

 

Co-morbidity was also considered as a confounding variable. The presence of 28 

chronic conditions during the last year was examined, using a list developed by 

Statistics Netherlands. The presence or absence of each condition was based on 
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self-report. All participants were asked to indicate if they had the chronic disorder 

by clicking either the ‘yes’ or ‘no’ box. The type of chronic disorders varied from 

diseases affecting the nervous system like Parkinson’s disease or multiple 

sclerosis, to musculoskeletal diseases, like arthritis or back problems, and to 

conditions like diabetes or migraine. Three outcome levels were distinguished: 0) 

no chronic condition; 1) one or two chronic conditions, and 2) more than two 

chronic conditions. 

 

Participants and missing values 

The baseline and follow-up questionnaires were sent to 1295 participants, of 

whom 19.8% completed all (baseline and repeated) measures (T0 – T6). The 

complete responses (T0 – T6) were equally divided over those with normal 

hearing (18.8%) and those with insufficient and poor hearing (20.9%) (p=0.324). At 

least four measure were completed by 62% of the participants of whom 49% had 

good hearing and 51% had insufficient/poor hearing, thus again no difference in 

response rate between normally and hearing impaired participants were observed 

(p=0.853). The mean overall response rate (T0-T6) was 59.4% (SD=30.7%) for 

those with good hearing and 61.7% (SD=30.8%) for those with insufficient and 

poor hearing. Gender and age were not significantly different for those 

completing all questionnaires compared to those not completing all 

questionnaires (p=0.571, and p=0.531). Missing value analyses showed that the 

lowest response rate (48%) was observed at T5. 

 

Analyses 

Multiple imputation (MI) was used to impute missing data on health care use, 

applying the Multivariate Imputation by Chained Equations (MICE) procedure of 

Van Buuren and Oudshoorn (2000). MI accounts for the uncertainty caused by 

missing data (Schafer 1999; Briggs et al. 2003) and is a flexible imputation 

method. This allows one to specify the multivariate structure in the data as a 

series of conditional regression models based on the information of all other 

variables. With the MI procedure, missing data are replaced by several estimated 
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values. In theory, the number of predictors used to impute missing data should be 

as large as possible to have minimal bias and maximal certainty (Van Buuren and 

Oudshoorn 2000). Van Buuren and Oudshoorn (2000) state that a suitable subset 

of data for MI contains between 15 and 25 variables maximum, which we applied 

in our imputation models. Variables included in the model to help predict the 

values for missing data in health care use were the score on the National hearing 

test, age, gender, marital status, living arrangement, educational level, income, 

and the presence of chronic conditions. A total of five imputed datasets were 

created, which is regarded as a sufficient number even with 50% missing 

information (Schafer 1999) (note that we had 40% missing data). Each imputed 

data set was analysed by standard methods, followed by pooling these results in a 

final estimate according to Rubin’s rules (Rubin 1987). The final estimates are 

reported in the present study. It is known that analyses of the complete-cases 

data may suffer from chance variation more than analyses with missings replaced 

by multiple values (Sterne et al. 2009). Hence, we reported the results of the 

analyses with the imputed data sets. 

 

To compare health care use and health care costs between normally-hearing and 

hearing-impaired participants, two groups were distinguished based on the 

National Hearing Test score: 1) normal hearing ability; and 2) insufficient or poor 

hearing ability (further referred to as insufficient) resulting in a variable hearing 

impairment with two outcomes: 0  (normally hearing) and 1 (insufficient and poor 

hearing). Mean differences in health care use (primary, secondary, psychosocial, 

occupational and complementary care) between people with good and with 

insufficient hearing were determined using regression analyses and 95% 

confidence intervals (CI) were provided. All linear regression analyses were 

conducted without adjustment for potential confounders in the first step (model 

1). In the second step, adjustments were made for the a priori selected 

confounders (model 2). First, the difference between the two groups was 

determined for all contacts, including hearing-related contacts. In an additional 

analysis, hearing-related contacts were excluded.  
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Costs are usually very skewed, with most people having low costs and only a few 

people having high costs. Hence, bootstrapping was used. This is a simulation 

technique which avoids the need to make assumptions about the normality of the 

data, and uses the observed distribution of the data instead (Barber and 

Thompson 2000; Thompson and Barber 2000). The mean cost difference and 95%-

CI were determined with bias corrected and accelerated (Bca) bootstrapping with 

2000 replications, using one imputed data set.  

Analyses were performed using R 2.9.1 (R Development Core Team 2009) and 

SPSS 15.0. 

 

RESULTS 

Study population and descriptives 

A total of 634 participants (49%) had a hearing ability classified as ‘good’ 

according to the National Hearing test (M= -7.3 dB SNR; SD=1.06), 661 

participants (51%) had insufficient hearing according to the test (M= -1.6 dB SNR; 

SD=2.98). People with insufficient hearing were significantly older than people 

with normal hearing (Mean age 48.54 years (SD=11.8) versus 44.4 years (SD=12.5) 

respectively; p<0.001). Also, significantly more women than men had insufficient 

hearing (69.4% versus 59.6%; p<0.001). The means and standard deviations of 

health care use (number of contacts) and costs are presented in Table 5.3 and 

Table 5.4 respectively. The values in Tables 5.3 and 5.4 are unadjusted for 

confounding variables. A proportion of 44.3% of the participants with insufficient 

hearing reported to own one or two hearing aids, with an average of 15.5 years 

(SD=13.5) duration of ownership. 
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Table 5.3. Mean number of contacts, unadjusted for confounding variables, and standard 
deviation (SD) per health care provider with all contacts included (overall) and hearing-
related contacts excluded (without HR) for the group with good hearing ability and the 
group with insufficient or poor hearing ability according to National Hearing test.  

Good hearing (n=634)  
Insufficient or poor hearing 

(n=661) 

Health care provider Overall (SD) 
Without HR 

(SD) 
 Overall (SD) 

Without HR 
(SD) 

Primary care 7.32 (11.33) 6.16 (10.83)  12.07 (15.02) 7.62 (12.74) 
General practitioner 2.39 (2.89) 2.16 (2.75)  3.07 (3.95) 2.41 (3.45) 
Physiotherapist 2.33 (7.93) 2.33 (7.93)  3.16 (8.71) 3.16 (8.71) 
Manual therapist 0.32 (1.69) 0.32 (1.69)  0.36 (1.86) 0.36 (1.86) 
Mensendieck therapist  0.14 (1.30) 0.14 (1.30)  0.25 (1.74) 0.25 (1.74) 
Other therapist 0.31 (2.17) 0.31 (2.17)  0.17 (1.16) 0.17 (1.16) 
Occupational physician 0.24 (0.98) 0.18 (0.82)  0.43 (1.43) 0.22 (0.95) 
Occupational hygienist 0.10 (0.62) 0.03 (0.21)  0.15 (0.70) 0.07 (0.39) 
Reintegration adviser 0.14 (0.86) 0.09 (0.57)  0.27 (1.36) 0.08 (0.48) 
Company social worker 0.02 (0.26) 0.02 (0.26)  0.06 (0.57) 0.03 (0.35) 
Psychologist 0.46 (1.84) 0.43 (1.76)  0.88 (5.72) 0.69 (5.53) 
Social worker 0.11 (0.67) 0.09 (0.65)  0.27 (1.28) 0.17 (1.10) 
Speech therapist 0.07 (0.69) 0.06 (0.64)  0.31 (1.84) 0.03 (0.47) 
Hearing aid dispenser 0.66 (2.10) 0 (-)  2.71 (4.36) 0 (-) 
      

Secondary care 2.38 (4.79) 1.84 (4.30)  4.87 (8.93) 2.61 (5.72) 
Medical specialist 1.17 (2.69) 1.13 (2.64)  1.83 (3.91) 1.70 (3.74) 
E.N.T. doctor 0.30 (1.08) 0.07 (0.47)  0.91 (2.30) 0.11 (0.72) 
Audiological Center  0.17 (0.92) 0 (-)  0.85 (2.86) 0 (-) 
Psychiatrist 0.05 (0.55) 0.04 (0.51)  0.12 (0.91) 0.09 (0.83) 
Other psychosocial worker  0.32 (2.20) 0.26 (1.87)  0.57 (4.85) 0.21 (1.53) 
Hospital stay 0.38 (2.01) 0.36 (1.99)  0.57 (2.63) 0.50 (2.54) 
      

Psychosocial care 1 0.95 (3.29) 0.84 (3.03)  1.85 (8.86) 1.16 (6.78) 
Occupational care 2 0.51 (1.65) 0.32 (1.17)  0.91 (2.81) 0.39 (1.52) 
Complementary medicine 0.68 (2.59) -   1.10 (3.40) - 
1. Social worker, psychologist, psychiatrist, other psychosocial workers 
2. Occupational physician, occupational hygienist, reintegration adviser, company social worker 
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Table 5.4. Mean costs (in Euros), unadjusted for confounding variables, and standard 
deviation (SD) per health care per health care provider with all contacts included (overall) 
and hearing related contacts excluded (without HR) for the group with good hearing 
ability and the group with insufficient or poor hearing ability according to National Hearing 
test. 

Good hearing 
(n=634) 

 
Insufficient or poor hearing 

(n=661) 
Health care provider Overall (SD) Without HR (SD)  Overall (SD) Without HR (SD) 

Primary care 220.34 (344.87) 171.42 (309.61)  429.49 (640.83) 230.19 (544.25) 
General practitioner 46.48 (56.66) 41.76 (53.71)  60.91 (76.17) 48.14 (68.17) 
Physiotherapist 56.45 (190.38) 56.45 (190.38)  74.79 (206.34) 74.79 (206.34) 
Manual therapist 9.17 (50.16) 9.17 (50.16)  12.49 (69.67) 12.49 (69.67) 
Mensendieck therapist 4.38 (37.36) 4.38 (37.36)  6.48 (49.78) 6.48 (49.78) 
Other therapist 10.75 (68.89) 10.75 (68.89)  6.50 (51.78) 6.50 (51.78) 
Occupational physician 15.08 (60.41) 12.33 (56.78)  32.61 (104.54) 17.45 (71.22) 
Occupational hygienist 6.27 (36.91) 1.72 (24.78)  10.47 (45.48) 3.78 (24.78) 
Reintegration adviser 6.82 (43.38) 4.30 (28.27)  12.52 (63.02) 3.49 (21.77) 
Company social worker  1.60 (16.05) 1.60 (16.05)  3.49 (32.66) 1.96 (20.80) 
Psychologist  36.32 (156.07) 34.84 (153.91)  66.59 (449.15) 52.49 (436.54) 
Social worker 5.27 (37.93) 4.87 (37.61)  14.63 (66.49) 9.12 (57.45) 
Speech therapist 2.21 (22.90) 2.00 (20.98)  7.44 (48.46) 0.72 (11.81) 
Hearing aid dispenser 32.49 (123.19) 0 (-)  134.49 (210.30) 0 (-) 
      

Secondary care 316.09 (963.68) 272.53 (936.25)  575.79 (1391.17) 356.14 (1152.49) 
Medical specialist  78.78 (186.09) 76.35 (182.43)  116.86 (248.59) 108.39 (238.14) 
E.N.T. doctor 18.99 (70.15) 4.67 (29.02)  60.38 (150.51) 7.30 (47.31) 
Audiological Center  13.37 (90.70) 0 (-)  76.71 (239.02) 0 (-) 
Psychiatrist 3.55 (41.28) 3.17 (40.18)  9.37 (70.97) 7.18 (65.34) 
Other psychosocial 
worker  

43.67 (299.35) 36.22 (265.03)  29.18 (202.13) 60.38 (150.51) 

Hospital stay 158.04 (842.49) 152.12 (837.76)  236.45 (1045.17) 204.09 (1008.17) 
      

Psychosocial care 1 88.81 (360.76) 79.10 (330.89)  166.62 (867.52) 97.96 (572.24) 
Occupational care 2 29.77 (94.59) 19.95 (74.79)  59.09 (168.99) 26.68 (98.06) 
Complementary medicine 38.62 (160.88) -  64.37 (231.27)  
1. Social worker, psychologist, psychiatrist, other psychosocial workers 
2. Occupational physician, occupational hygienist, reintegration adviser, company social worker 

 

Health care use 

The results of the regression analyses are shown in Table 5.5. With adjustment for 

confounders (model 2), the participants with insufficient hearing had on average 

3.85 more primary care visits than participants with a good hearing ability during 

the seven months (95%-CI: 2.32 – 5.38; p<0.001).  
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Table 5.5. Differences in the amount of health care utilization between people with 
“insufficient” or “poor” scores on the National Hearing test and those with “good” hearing 
according to the test. P-value and 95% confidence interval as calculated with linear 
regression analyses. 

 Mean difference p 95%-CI 
Primary care, Overall    

Model 1 4.75 <0.001 3.21 – 6.30 
Model 2 3.85 <0.001 2.32 – 5.38 

Primary care, without HR     
Model 1 1.48 0.032 0.13 – 2.81 
Model 2 0.52 0.439 -0.79 – 1.83 

Secondary care, overall    
Model 1 2.49 <0.001 1.51 – 3.47 
Model 2 2.09 <0.001 1.07 – 3.12 

Secondary care, without HR     
Model 1 0.76 0.012 0.17 – 1.36 
Model 2 0.40 0.184 -0.19 – 0.99 

Psychosocial care, overall    
Model 1 0.90 0.019 0.15 – 1.65 
Model 2 0.77 0.052 -0.01 – 1.56 

Psychosocial care, without 
HR 

   

Model 1 0.33 0.289 -0.28 – 0.93 
Model 2 0.20 0.524 -0.42 – 0.82 

Occupational care, overall    
Model 1 0.39 0.005 0.11 – 0.67 
Model 2 0.38 0.009 0.09 – 0.66 

Occupational care, without 
HR 

   

Model 1 0.07 0.354 -0.08 – 0.22 
Model 2 0.04 0.624 -0.12 – 0.19 

Complementary care, overall    
Model 1 0.41 0.024 0.06 – 0.77 
Model 2 0.29 0.126 -0.08 – 0.66 

Model 1: unadjusted 
Model 2: Adjusted for the a priori selected confounders age, gender, marital status, living arrangement, 
educational level, income, and chronic conditions. 

 

 

Taking confounders into account, the hearing-impaired respondents also had 

significantly more overall secondary care contacts (mean difference in model 2: 

2.09; 95%-CI=1.07–3.12; p<0.001) and occupational care contacts (mean 

difference in model 2: 0.38; 95%-CI=0.09–0.66; p=0.009) than their normally 

hearing peers. Furthermore, a higher number of overall psychosocial care 
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contacts was found for those with insufficient hearing compared to those with 

normal hearing, but this difference was not statistically significant (mean 

difference = 0.77; 95%-CI=-0.01–1.56; p=0.052). Significant differences in the 

number of primary, secondary, and occupational care contacts were observed 

only when all contacts (hearing and non-hearing related contacts) were taken into 

account. When hearing-related contacts were removed, significant differences 

between the two groups in the mean number of contacts were no longer 

observed. 

 

Health care costs 

Table 5.6 presents the results of the cost analyses. The findings are comparable to 

those obtained for health care use. Adjusting for confounders, participants with 

insufficient hearing had significantly higher costs for primary care (mean 

difference: €187; 95%-CI: €138.02 – €251.41), secondary care (mean difference: 

€188.45; 95%-CI: €50.92– €332.04; p=0.006), and occupational health care (mean 

difference: €27.74; 95%-CI: €13.76 – €45.07; p<0.001) compared to normally-

hearing participants during the 7 month period. The significant differences 

disappeared after excluding hearing-related contacts. For costs associated with 

psychosocial care and complementary care, costs were slightly higher for people 

with insufficient hearing, but this difference was not statistically significant. 

 

Sensitivity analysis 

As mentioned in the preceding section, the overall response rate on the baseline 

and the following 6 repeated measurements was 60.6% which implies 39.4% 

missing data. Hence, we applied multiple imputation and used imputed datasets 

to analyse the data. Analyses of the complete data may suffer from chance 

variation more than analyses with missings replaced by multiple values (Sterne et 

al. 2009). Therefore, we reported the results of the analyses with the imputed 

data sets. However, analyses on the restricted set of complete data of 257 

participants (119 with normal hearing, 138 with insufficient hearing) showed 

results similar to those obtained with the imputed datasets. This observation 
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further confirms and strengthens the findings as presented in the preceding 

paragraphs. 

 

 
Table 5.6. Difference in costs (in Euros) of health care utilization between those with 
“insufficient” or “poor” and those with “good” hearing according to the National Hearing 
Test. P-value and 95% confidence interval as determined by means of bias corrected and 
accelerated bootstrapping. 

 Mean difference (€) p 95%-CI 
Primary care, Overall    

Model 1 209.15 <0.001 161.93 – 279.54 
Model 2 187.12 <0.001 138.02 – 251.41 

Primary care, without HR     
Model 1 58.77 0.018 20.48 – 118.08 
Model 2 33.14 0.184 -7.05 – 90.73 

Secondary care, overall    
Model 1 259.70 <0.001 133.07 – 393.12 
Model 2 188.45 0.006 50.92 – 332.04 

Secondary care, without HR     
Model 1 83.62 0.153 -26.21 – 203.38 
Model 2 20.00 0.739 -105.99 – 128.35 

Psychosocial care, overall    
Model 1 77.81 0.037 17.47 – 169.16 
Model 2 64.03 0.097 5.55 – 160.30 

Psychosocial care, without HR    
Model 1 18.87 0.470 -20.76 – 87.30 
Model 2 9.74 0.718 -32.86 – 75.74 

Occupational care, overall    
Model 1 29.32 <0.001 15.21 – 45.69 
Model 2 27.74 <0.001 13.76 – 45.07 

Occupational care, without 
HR 

   

Model 1 6.73 0.166 -2.36 – 16.71 
Model 2 4.28 0.392 -4.97 – 13.39 

Complementary care, overall    
Model 1 25.75 0.021 5.52 – 48.44 
Model 2 20.22 0.078 -2.04 – 45.33 

Model 1: unadjusted 
Model 2: adjusted for the a priori selected confounders age, gender, marital status, living arrangement, 
educational level, income, and chronic conditions. 

 

 



HEALTH CARE USE & RELATED COSTS 

- 121 - 

DISCUSSION 

Findings and comparison with other studies 

In the present study, health care use and related costs of participants with 

insufficient hearing were compared to those of normally-hearing persons. We 

distinguished between different types of health care: primary and secondary care; 

psychosocial, occupational and complementary care. Significant differences 

between the groups were found for primary, secondary, and occupational care. 

Adjusted for confounding variables, the group with insufficient hearing had nearly 

four more primary care contacts and €187 higher costs than the group with 

normal hearing ability during a period of seven months. For secondary and for 

occupational care, those with insufficient hearing had 2.09 and 0.38 more 

contacts, and €188 and €28 higher costs respectively. Previous studies also 

reported elevated health care use among people with hearing impairment, when 

including hearing-related contacts (Kurz et al. 1991; Zazove et al. 1993; Green and 

Pope 2001; Woodcock and Pole 2007). As such, the results presented in this study 

are in agreement with earlier findings. However, the present study demonstrated 

that hearing impairment entailed no additional contacts or costs over and above 

contacts for which hearing impairment was the main motive to seek help. 

Although the number of contacts and costs (excluding hearing-related contacts), 

were somewhat higher for the group with insufficient hearing, this difference was 

not significant for any of the different health care types.  

 

Only one of the previous studies distinguished between hearing-related and other 

health care contacts (Green and Pope 2001). In contrast to our results, they found 

that the exclusion of the hearing-related contacts had little effect on the results. 

In other words, the number of outpatient contacts among people with auditory 

problems remained significantly higher than among normally-hearing persons. A 

possible explanation for the difference in findings is the way hearing impairment 

was determined. In the current study, the score on the National Hearing test over 

the Internet was used, whereas Green and Pope (2001) had the hearing 

impairment confirmed by a medical doctor and used that as a criterion. Because 

of a confirmed diagnosis, the participants in the study of Green and Pope (2001) 
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were possibly more severely hearing impaired compared to the respondents in 

our study. Severity of hearing impairment, however, did not appear as a 

consistent predictor of health care use in other studies (Kurz et al. 1991; Green 

and Pope. 2001). Nevertheless, Green and Pope (2001) observed large odds ratios 

and argued that with the inclusion of more severely hearing-impaired people, or a 

better method to determine the degree of hearing impairment, severity would 

have been a statistically significant predictor of health care use. Also, only 

individuals who had previously contacted a health care provider because of their 

auditory problems were classified as hearing-impaired (Green and Pope 2001). It 

is possible that entrance into the health care system (because of hearing 

difficulties and a diagnosis) in itself led to an increase in visiting other health care 

providers as well. This may have occurred when a visit to the doctor because of a 

hearing problem was combined with a visit to a(nother) doctor because of other 

health problems. 

 

An additional explanation for the difference between our results and those from 

Green and Pope (2001) could be the way hearing-related contacts were defined. 

We not only specified contacts with health care providers like an E.N.T. doctor or 

professionals in an audiology clinic. We also specified other health care providers, 

such as a psychologist, and counted the contacts as hearing-related when the 

main motive to seek help was hearing difficulty. From the paper of Green and 

Pope (2001) it is not clear whether only contacts with E.N.T. doctors or an 

audiological clinic were classified as hearing-related contacts, or whether contacts 

with a psychologist for psychosocial problems induced by hearing impairment, 

were counted as hearing-related contacts as well. Furthermore, it must be noted 

that whereas our population consisted of people aged between 18 and 65 years 

old, Green and Pope (2001) included participants who were all 65 years old. As it 

is likely that health care use rises with increasing age (Meerding et al. 1998; 

Polder et al. 2002), the difference in age between the two populations could be a 

reason for these contrasting findings. 

 

Given the elevated level of depressive symptoms, distress or somatisation in 

people with hearing impairment found in previous studies (Kramer et al. 2002; 
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Tambs 2004; Hallam et al. 2006; Nachtegaal et al.  2009b), and the relationship of 

these variables with higher levels of health care use (e.g. Grabe et al. 2009), it was 

expected that individuals with hearing impairment would have made more use of 

psychosocial care. However, when including psychosocial contacts due to hearing 

impairment, only a trend was observed for more psychosocial care contacts for 

respondents with insufficient hearing compared to those with normal hearing, 

after adjustment for selected confounders. It must be noted that we corrected for 

depressive symptoms (a chronic disease) in our regression model. This may have 

resulted in an overcorrection obscuring the relationship between hearing 

impairment and psychosocial care use.  We therefore re-analysed the data 

without including ‘chronic conditions’ as a confounder in the model. The results 

seemed to confirm our hypothesis. The group with insufficient hearing had on 

average 0.83 more psychosocial health care contacts than the group with normal 

hearing (p=0.038, 95%-CI: 0.04 – 1.61). Whereas we assume that this is the most 

likely explanation for our finding, we also realize that psychosocial care is not part 

of the standard health care package in most places in the world. So, another 

explanation could be that psychosocial care is not offered to patients with hearing 

impairment and thus not used.  An alternative explanation is hearing impaired 

individuals just don’t wish to make use of psychosocial health care.  

 

Health care use in our normally-hearing group was comparable to overall levels of 

health care use in the Netherlands (data derived from Dutch Statistics (CBS) 

(2009b)). Assuming that the data over seven months are representative for one 

year health care use, only marginal differences were found for the mean number 

of contacts with the GP (NL-SH: M=4.10 ; CBS: M=3.8), physiotherapist (NL-SH: 

M=4.0; CBS: M=3.3), and medical specialist (NL-SH: M= 1.9; CBS: M=1.8) (Dutch 

Statistics 2009b). These findings indicate that health care use in the normally-

hearing population in the present study is comparable to that of the general 

Dutch population. Compared to a Dutch study on the societal effects of hearing 

aid fitting reported by Joore et al. (2003), our group with insufficient hearing had 

significantly less contacts with the GP, physiotherapist, and medical specialists. 

Note that Joore et al. (2003) specifically focused on patients in the actual process 

of hearing aid fitting. This could have influenced the findings and resulted in a 



CHAPTER 5 

- 124 - 

higher number of health care contacts in this study. Also, the mean age of their 

participants (68 years) was higher than in the current study. 

 

Possible limitations 

A possible limitation of the present study is the way participants were enrolled. 

People had to actively subscribe themselves to the study, which might have led to 

a biased selection, more than one would expect when using a random list of 

addresses to invite potential participants. Also, part of the population was 

recruited through flyers at audiological clinics and hearing aid dispensers in The 

Netherlands. This might have led to a higher number of contacts with these 

services in our sample, compared to the hearing-impaired population in general. 

However, most participants received the first questionnaire more than a month 

after subscription to the study and thus more than a month after their visit to the 

clinic or a hearing aid dispenser. One may wonder whether a large number of 

participants with insufficient hearing were in the actual process of hearing aid 

fitting during this study as this could have caused the difference in the observed 

health care use. In our sample, 44.4% of the individuals with insufficient hearing 

reported to own a hearing aid with an average duration of 15 years. An additional 

analysis excluding hearing aid users still showed significantly more contacts for 

participants with insufficient hearing compared to those with normal hearing for 

primary care (mean difference=1.69, 95%-CI=0.04 – 3.34, p=0.044), secondary 

care (mean difference=1.36, 95%-CI=0.24 – 2.49, p=0.020), and occupational care 

(mean difference=0.31, 95%-CI=0.04 – 0.59, p=0.025) after adjustment for 

confounding variables. Thus, these findings indicate that the extra health care use 

by hearing impaired participants is not just a reflection of acute care (i.e. hearing 

aid fitting) for those who had recently had hearing loss detected. The group is a 

mixture of patients in the ‘acute’ phase of diagnosis and rehabilitation and 

participants with long-standing hearing loss not requiring acute care. 

 

The overall response rate on all 7 questionnaires was 60.6%, which implies 39.4% 

missing data. Selective non-response could have biased the results of the study. 

However, analyses showed that there were no significant differences in response 
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rate between participants with insufficient and with normal hearing. Neither were 

there significant differences in age or gender between respondents who had 

complete data over the 7 month period and respondents with incomplete data. 

We used multiple imputation to handle the missing data and this method is 

known in the literature as the most adequate and a reliable method minimizing 

chance variation in outcomes (Sterne et al. 2009). The validity of this method and 

the obtained outcomes was further confirmed by the sensitivity analysis. 

 

Another issue which should be addressed is the way hearing ability was 

determined. We used the Internet version of the National Hearing test. A 

limitation of this test is that it is does not detect middle ear problems or a 

beginning hearing impairment in the high frequencies (Smits et al. 2004; Smits 

and Houtgast 2005). Also, the test does not identify single sided hearing 

impairment, as it is a diotic test. Thus, people with middle ear problems or with a 

unilateral hearing impairment might have received a good score whereas they do 

have a hearing problem for which they are visiting health care providers. We 

actually did observe some hearing-related health care contacts in the group of 

normally-hearing participants and this could have occurred just for the reasons as 

described above. However, the highest proportion of hearing-related contacts in 

the normally hearing group was found in the occupational health care domain, 

which includes a visit to the occupational physician, reintegration adviser or a 

work hygienist (Table 5.3). For example, around 36% ((0.14-0.09)*100)/0.14) of 

the contacts with the reintegration adviser were hearing-related. Here, the main 

motive to seek help may have been hazardous noise levels at work, besides the 

other problems as just outlined (conductive hearing loss, unilateral deafness or a 

beginning high frequency loss). The presence of hearing related contacts in the 

normally hearing group in this study may have led to an underestimation of the 

differences in health care use between normally hearing and hearing –impaired 

participants. 

 

Also, the organisation of health care systems differs across countries, which 

makes generalizability more difficult (Heijink et al. 2006). For example, the general 

practitioner plays an important role as gatekeeper in The Netherlands. Here, the 
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GP decides whether they can treat the patient, or whether they should refer the 

patient to, for example a medical specialist. This system has similarities with other 

countries though. The GP as gatekeeper is also part of the system in the UK. 

Nevertheless, there is no overall worldwide health care system which would allow 

comparisons between countries. Thus, the present results (with hearing-related 

contacts included) and those of studies performed in other countries provide 

insight into what elements of health care play a role in the different countries and 

how to calculate the costs. As such, the current study has added international 

value.  

 

Implications 

The findings of this study demonstrate higher use of primary, secondary, and 

occupational care, when including contacts for which hearing impairment was the 

main motive to seek help, in the group of participants with insufficient hearing as 

compared to those with normal hearing. Although differences are statistically 

significant, one may argue that the clinical relevance is small, as differences are 

relatively small, especially for occupational health care use. However, on 

individual level, 3.85 more primary care visits, 2.09 more secondary care visits, 

and even about 0.4 more occupational care visits during a period of seven months 

may have a large impact on an individual. A difference of 3.85 primary care visits 

means about 65% more contacts with primary care providers for someone with a 

hearing impairment compared to a normally-hearing person (based on unadjusted 

data). Also, small differences in costs on individual level may become large and 

relevant when extrapolating the findings to the total population. 

 

The absence of significantly higher use of health care resources when excluding 

hearing related contacts implies that hearing-impaired people are not 

extraordinary and just similar to normally-hearing people in their use of health 

care for health problems other than hearing difficulties. However, based on the 

relationship between hearing impairment and psychosocial health problems, and 

the higher use of health resources previously observed, it was expected that 

psychosocial health care use should be higher among people with insufficient 
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hearing. Although a trend was found for more contacts when those for which 

hearing impairment was the main motive to seek help, there was no clear 

difference in the amount to which such resources were used. Future studies, with 

for example longitudinal data, could help to investigate whether possible 

psychosocial problems remain untreated or not.  

 

The findings of this study clearly indicate that people with auditory difficulties call 

upon various different types of health care when seeking help for their hearing 

problems. As it is assumed that the number of people with hearing impairment 

will increase in the near future due to the aging of our societies, identification of 

help seeking behaviour of people with hearing problems and the related costs are 

important factors to consider. The present study provides detailed information 

about the health care use of a group of people with impaired hearing. 

 

CONCLUSIONS 
The use of primary, secondary, and occupational health care and costs are 

significantly higher in people with insufficient hearing compared to people with 

normal hearing. This difference can be explained by health care use for which 

hearing impairment was the main motive to seek help: after exclusion of the 

hearing-related contacts, differences in health care use and costs between the 

groups were not significant anymore. This indicates that when hearing related 

contacts are not taken into account, hearing-impaired individuals are not 

extraordinary and just similar to normally-hearing adults in their use of health 

care for health problems other than hearing difficulties. 
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