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Abstract

Background—Survivors of childhood cancer treated with platinum-based chemotherapy and/or 

cranial radiation are at risk of treatment-induced hearing loss; however, the effects of such hearing 

loss on adult social attainment have not been well elucidated.

Methods—Adult survivors of pediatric central nervous system (CNS; n=180) and non-CNS solid 

tumors (n=226) treated with potentially ototoxic cancer therapy completed audiologic evaluations 

and questionnaires assessing perception of social functioning and social attainment (i.e. 

independent living, marriage, employment). Audiograms were graded with the Chang Ototoxicity 

Grading Scale. Analyses were stratified by tumor type (i.e. CNS vs. non-CNS). Multivariable 

logistic regression models were conducted with adjustment for age, sex, chronic health conditions, 

and for the CNS group, IQ. Adjusted odds ratios (OR) and 95% confidence intervals (CI) are 

reported.

Results—Serious hearing loss (requiring a hearing aid or deafness) was detected in 36% of CNS 

and 39% of non-CNS tumor survivors. Serious hearing loss was associated with increased risk for 

perceived negative impact in one or more areas of social functioning (non-CNS: OR=1.83, 95% 

CI, 1.00-3.34). Among non-CNS tumor survivors, serious hearing loss was associated with 2-fold 
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increased risk of non-independent living (OR=2.19, 95% CI, 1.19-4.04) and unemployment or not 

graduating from high school (OR=1.85, 95% CI, 1.00-3.34).

Conclusions—A substantial proportion of adult survivors of childhood cancer treated with 

potentially ototoxic therapy have serious hearing loss. Treatment-induced hearing loss was 

associated with reduced social attainment, both perceived and actual, in this study sample.

Introduction

Advances in treatment regimens have led to substantial increases in survival rates for many 

pediatric central nervous system (CNS) and non-CNS solid tumors over the past several 

decades.1 Platinum-based chemotherapy, primarily cisplatin and carboplatin, are therapeutic 

agents routinely used for the treatment of pediatric extracranial solid tumors (i.e., 

neuroblastoma, osteosarcoma, nasopharyngeal carcinoma, hepatoblastoma, germ cell 

tumors) while cranial irradiation, with or without adjuvant chemotherapy, is often used to 

treat tumors located within the CNS. Curative treatments for childhood cancer often result in 

early and late-onset adverse organ toxicities,2, 3 with up to 90% of children estimated to 

acquire sensorineural hearing loss secondary to cisplatin treatment.4-9

The use of cisplatin, carboplatin, and cranial irradiation is associated with hearing loss 

resulting from damage to the organ of Corti, specifically degeneration of the cochlear inner 

and outer hair cell stereocilia, the stria vascularis, and the spiral ganglion.10-14 Damage to 

the outer hair cells occurs prior to inner hair cell damage and is more pronounced at the 

basal end of the cochlea,15 typically resulting in bilateral sensorineural hearing loss 

beginning in the high frequency range and extending to the lower frequencies with 

continued exposure.7 Young age at exposure (<5 years) and high cumulative dose (≥400 

mg/m2) further increase risk of developing cisplatin-induced serious hearing loss.7 In 

addition, platinum- and cranial radiation-induced hearing loss may worsen over time or have 

a latency period prior to manifestation.5, 6, 16-18

The significant impact of severe to profound hearing loss on speech and language 

acquisition, educational performance, and psychosocial functioning in child and adolescent 

survivors of cancer has been documented;4, 5, 19 however, the long-term effects of childhood 

hearing loss on adult functional outcomes are less well appreciated. Among older adults in 

the general population, hearing loss has been associated with social isolation, depressive 

symptoms, and reduced quality of life.20-22 Despite these concerns, the effects of treatment-

induced hearing loss on social functioning and attainment in adult survivors of childhood 

cancer have not been well elucidated.

The aims of the current study were to characterize the prevalence and degree of hearing loss 

in a large cohort of adult survivors of childhood cancer considered at-risk for hearing loss 

secondary to treatment with ototoxic therapies, and compare indicators of perceived and 

attained social outcomes in adult survivors with and without serious treatment-induced 

hearing loss.
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Methods

St. Jude Lifetime Cohort Study (SJLIFE)

The study design and cohort characteristics of the St. Jude Lifetime Cohort Study (SJLFE) 

have previously been described.23, 24 Briefly, SJLIFE is a continuous enrollment, IRB-

approved institutional follow-up study designed to better understand the multi-factorial 

etiology and severity of long-term adverse effects of treatments for adult childhood cancer 

survivors. Survivors eligible for study participation were treated at St. Jude Children's 

Research Hospital (SJCRH) for childhood cancer, currently ≥18 years of age, and survived 

≥10 years since original diagnosis. SJLIFE participants receive a comprehensive risk-based 

clinical and laboratory assessment consistent with the Children's Oncology Group Long-

term Follow-up Guidelines (COG LTFU).25 In addition, survivors complete comprehensive 

health questionnaires to assess social and demographic factors, health behaviors, and 

psychosocial functioning. Our study sample was comprised of SJLIFE CNS and non-CNS 

solid tumor survivors considered to be at high risk for treatment-induced hearing loss 

secondary to treatment with cisplatin, carboplatin, and/or cranial radiation. As of June 30, 

2014, the cutoff date for this analysis, 710 potentially eligible participants were identified, 

450 (63%) completed a SJLIFE clinic visit and 406 (90%) of these completed on-site 

audiologic evaluations (Figure 1; see Supplemental Figures 1 and 2 for participation by 

disease group).

Outcomes and Exposures

The primary outcome of interest was serious hearing loss. For audiologic evaluations, pure 

tone air conduction thresholds were assessed at frequencies .25, .5, 1, 2, 3, 4, 6, and 8 kHz in 

decibel (dB) hearing level (HL). Bone conduction thresholds were measured at .25, .5, 1, 2, 

3, and 4 kHz in dBHL as needed to determine the type of hearing loss. Tympanometry was 

reviewed to assess the integrity of the conductive mechanism at the time of testing. Each 

audiogram was assigned a grade based on the Chang Ototoxicity Grading Scale26 (Table 1) 

and serious hearing loss was defined as a Chang grade of ≥2b. For survivors with 

asymmetrical hearing loss, the grade for the better ear was used in analyses.

Response variables of interest were indicators of adult social functioning, including those 

related to perceived and social attainment. Perceived social outcomes were assessed using 

select items from the Brief Cancer Impact Assessment.27, 28 Items included perceived 

impact of cancer on educational plans, work life or career, and social life using a five-point 

Likert scale anchored by ‘very negative impact’ and ‘very positive impact’. A response of 

‘somewhat negative impact’ or ‘very negative impact’ was coded as negative impact. To 

assess the extent to which, and amount of time, perceived health problems interfere with 

social function,29 two items from the Medical Outcomes Survery-36 Short Form Health 

Survey (SF-36) social function scale were used. Negative impact on social life was 

considered present if survivors reported their health interfered with normal social activities 

‘moderately’, ‘quite a bit’ or ‘extremely’ or if their health interfered with social activities 

‘some of the time’, ‘most of the time’, or ‘all of the time’. Social attainment was measured 

by survivor report of marital status, current employment, and independent living.
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Covariates included chronic health conditions and intellectual functioning. Chronic health 

conditions were graded for endocrine and visual categories in accordance with the Common 

Terminology Criteria Adverse Events (CTCAE) version 4.0. Consistent with COG LTFU 

guidelines, CNS tumor survivors underwent neurocognitive testing as part of their standard 

evaluation, including assessment of intelligence (Wechsler Abbreviated Scale of 

Intelligence).30 Scores more than two standard deviations below the normative mean were 

indicative of IQ impairment.

Data analysis

Because of expected differences in social attainment, all analyses were stratified by solid 

tumor type (i.e. CNS vs. non-CNS). Descriptive statistics, including means, standard 

deviations and percentages were calculated for all exposures and outcomes. Unadjusted 

analysis of outcomes by hearing loss status was examined using the Chi-Square test. 

Negative impact on education/vocation was coded as present if survivors reported perceived 

negative impact on education plans or work life or career. Negative impact on social 

functioning was coded as present if survivors reported perceived negative impact on social 

life or on either social item from the SF-36. For attainment analyses, educational/vocational 

attainment was considered below developmental expectations if survivors completed less 

than high school or were currently unemployed. Independent living was coded as present if 

survivors reported living alone or with a spouse. Marriage was coded as present if survivors 

reported a history of marriage or living with a partner as married. Logistic regression 

analysis, adjusted for age at the audiologic evaluation, sex, and any CTCAE Grade 3 or 4 

endocrine or visual health condition were conducted for each perceived social outcome and 

each social attainment outcome. Models for the CNS tumor group were adjusted for IQ 

impairment. Adjusted odds ratios (OR) and 95% confidence intervals (CIs) are reported.

Results

Study participants and non-participants were similar with respect to demographic, 

diagnostic, and treatment characteristics (Supplemental Table 1).

Non-CNS Solid Tumor Sample—Non-CNS solid tumor survivors (N=226; 51% male) 

were on average 31 years (range: 19.1-53.4) of age and 22.4 years (range: 11.1- 45.5) from 

original cancer diagnosis. The most common cancer diagnoses included osteosarcoma 

(19.9%), germ cell tumor (15.0%), neuroblastoma (16.8%), rhabdomyosarcoma (13.7%), 

and nasopharyngeal carcinoma (9.3%). Thirty seven percent were exposed to CNS radiation. 

Sixty nine percent were treated with cisplatin and 14% with carboplatin. Characteristics of 

non-CNS tumor survivors with and without serious hearing loss are provided in 

Supplemental Table 2.

CNS Tumor Sample—CNS tumor survivors (N=180; 62% male) were on average 27 

years (range: 19.1-53.1) of age and 18.2 years (range: 11.1-41.8) from original cancer 

diagnosis at the time of their audiologic evaluation (Table 2). Thirty-eight percent were 

diagnosed with medulloblastoma, 24.4% with astrocytic tumors, 16.7% with ependymoma, 

and 21.1% with other brain tumors. Nearly all CNS tumor survivors were treated with 
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cranial irradiation and 32.8% were treated with platinum-based chemotherapy (cisplatin 

n=55; carboplatin n=8). Characteristics of CNS tumor survivors with and without serious 

hearing loss are provided in Supplemental Table 3.

Hearing Loss

Non-CNS Solid Tumors—The prevalence of serious hearing loss in non-CNS solid 

tumor survivors treated with potentially ototoxic therapy was 39% (95% CI, 33%-45%). 

Table 3 provides the distribution of hearing loss for better and worse ears stratified by solid 

tumor group. Survivors with serious hearing loss, relative to those without serious hearing 

loss, were significantly more likely to be male (P=0.01), younger at time of diagnosis 

(P=0.003), and diagnosed with neuroblastoma or osteosarcoma (P<0.001). Among the 89 

non-CNS tumor survivors with serious hearing loss, 20% reported use of a hearing 

intervention (i.e., hearing aid, cochlear implant).

CNS Tumors—The prevalence of serious hearing loss in CNS tumor survivors was 36% 

(95% CI, 29%-43%). Age at diagnosis was not significantly associated with serious hearing 

loss among the CNS tumor group, although survivors of medulloblastoma were more likely 

to have hearing loss than were those with other histologic subtypes (P<0.001). Among the 

64 CNS tumor survivors with serious hearing loss, 48% reported use of a hearing 

intervention.

Perceived Impact on Social Functioning

Non-CNS Solid Tumors—Among non-CNS tumor survivors with serious hearing loss, 

41% (95% CI, 30%-52%) reported perceived negative impact of cancer on their education/

vocation compared to 29% (95% CI, 21%-38%) of survivors without serious hearing loss. 

After adjustment for current age, sex, and health status, survivors with serious hearing loss 

were twice as likely to report perceived negative impact on social functioning (OR=2.28, 

95% CI, 1.09-4.75) compared to survivors without serious hearing loss. Although not 

statistically significant, survivors with serious hearing loss also reported perceived negative 

impact on educational/vocational plans (OR=1.74, 95% CI, 0.93-3.26) (Table 4).

CNS Tumors—More than 60% of CNS tumor survivors reported perceived negative 

impact of cancer on their educational/vocational plans, irrespective of hearing status. After 

adjustment for current age, sex, health status, and IQ impairment, serious hearing loss was 

not significantly associated with perceived impact on social functioning, although the 

estimate of effect was elevated (OR=1.60, 95% CI, 0.69-3.69). Similarly, CNS tumor 

survivors with serious hearing loss were 1.5 times more likely to report perceived negative 

impact on their education/vocation (OR=1.53, 95% CI, 0.72-3.29) compared to survivors 

without serious hearing loss.

Social Attainment

Non-CNS Tumors—Among non-CNS tumor survivors, 39% (95% CI, 32%-46%) were 

not living independently, 45% (95% CI, 38%-52%) never married, and 34% (95% CI, 

28%-41%) had not graduated high school or were unemployed. Survivors with serious 

hearing loss were at increased risk of not living independently (OR=2.19, 95% CI, 
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1.19-4.04) and never being married (OR=1.61, 95% CI, 0.81-3.20) compared to non-CNS 

tumor survivors without hearing loss. Serious hearing loss was associated with a nearly 2-

fold increased odds of not graduating from high school or being unemployed (OR=1.85, 

95% CI 1.02-3.35) (Table 5).

CNS Tumors—Overall, 69% (95% CI, 62%-76%) of CNS tumor survivors were not living 

independently, 79% (95% CI, 72%-85%) never married, and 61% (95% CI, 54%-68%) had 

not graduated high school or were unemployed, much higher frequencies than those 

observed in the non-CNS tumor survivor group. Impaired IQ conferred the greatest risk for 

reduced social attainment in survivors of CNS tumors. However, beyond IQ, survivors with 

serious hearing loss were at increased risk of not living independently (OR=1.57, 95% CI, 

0.69-3.57) and not graduating from high school or being unemployed (OR=1.83, 95% CI, 

0.87-3.89). Although estimates did not meet statistical significance, risk estimates suggest a 

deleterious effect of hearing loss.

Conclusions

Approximately 38 percent of adult survivors of childhood non-CNS solid tumors and CNS 

tumors who received ototoxic cancer-directed therapies during childhood had serious 

hearing loss, i.e. deafness or loss that equates to need for a hearing aid. However, only one-

third of survivors used some type of hearing intervention. Our results generally indicate that 

both non-CNS and CNS tumor survivors with serious hearing loss report poorer perception 

of social functioning and reduced social attainment compared to survivors without serious 

hearing loss. Although CNS-tumor survivors had substantially poorer social attainment than 

did non-CNS tumor survivors, the effect of serious hearing loss was more pronounced 

among the non-CNS tumor survivors.

Past studies have documented increased risk of hearing loss in pediatric patients treated with 

platinum compounds and cranial radiation therapy, however limited data on adult survivors 

are available. One notable exception is a report on auditory complications from the 

Childhood Cancer Survivor Study (CCSS). Whelan and colleagues31 reported that exposure 

to platinum compounds was associated with 4.1-fold increased risk of hearing loss requiring 

the use of a hearing aid and that temporal lobe and posterior fossa radiation was associated 

with adverse hearing outcomes in a dose-dependent fashion. This study, however, was 

limited to self-report of hearing outcomes and did not include survivors of malignancies 

such as germ cell tumors and nasopharyngeal carcinomas.

Non-CNS solid tumor survivors with serious hearing loss had almost twice the odds of not 

graduating from high school and/or unemployment compared to those without serious 

hearing loss. Similar to these findings, in a study of 137 children (age 8 to 17 years) who 

were treated on Children's Oncology Group protocols, survivors of neuroblastoma with 

hearing loss, as reported by their parents, had at least twice the risk of an identified 

academic problem, and a similarly higher risk of a general learning disability and/or special 

educational needs, than did neuroblastoma survivors without hearing loss.19 Our results 

substantially extend this past work by considering direct audiologic assessment and by 
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demonstrating that hearing loss has potentially adverse effects on educational and 

occupational attainment well into adulthood.

Non-CNS solid tumor survivors with serious hearing loss also perceived greater negative 

impact of cancer on their social functioning compared to non-CNS solid tumors survivors 

without serious hearing loss. Consistent with this perception, hearing loss was associated 

with reduced likelihood of independent living and marriage in non-CNS tumor survivors. 

Independent living and marriage, albeit relatively crude indicators, are often conceptualized 

as important social developmental milestones that provide opportunities for socialization 

and community integration. Although we did not directly measure social isolation, we did 

find that survivors with serious hearing loss reported spending significantly more time 

outside of work watching television or using the computer, suggesting increased 

engagement in leisure activities associated with isolation.

Overall, nearly two-thirds of CNS tumor survivors, with and without serious hearing 

impairment, reported negative impact on education plans and work life or career. This is not 

surprising given that survivors of CNS malignancies are at high risk for cognitive 

morbidities, which may adversely impact educational and occupational attainment. Studies 

from CCSS indicate that adult survivors of CNS tumors are twice as likely to be 

unemployed compared to survivors of other malignancies32 and less likely than sibling 

comparisons to attend college.33 Our data suggest that hearing loss may confer additional 

risk for poor educational and occupational attainment, such that 75% of survivors with 

serious hearing loss did not graduate from high school and/or were unemployed compared to 

54% of CNS tumor survivors without serious hearing loss. With respect to social integration, 

CNS tumor survivors with serious hearing loss were at 60% increased risk of not living 

independently compared to those without serious hearing loss.

Among older adults (aged >60 years) in the general population, age-related hearing loss has 

been associated with impaired activities of daily living, social isolation and depressive 

symptoms, particularly among those with moderate to severe hearing loss.20-22 As our data 

suggest that survivors with serious hearing loss are vulnerable to adverse social outcomes in 

young and middle adulthood, it will be important to continue to monitor their social 

functioning and integration as they age. Of note, we generally observed that older age at 

examination was associated with reduced relative odds of adverse social outcomes. We 

speculate that this may be due to additional time to attain outcomes such as employment and 

marriage with increasing age.

The strengths of this study include cohorts of both non-CNS solid tumor and CNS tumor 

survivors with standardized audiometric testing and concurrent reporting of social 

attainment. However, certain limitations need to be considered when interpreting the 

findings. This analysis was restricted to survivors who were alive at least 10 years post-

diagnosis. Therefore, hearing loss and social attainment data for patients who did not survive 

to participate in the study are unavailable. It also is possible that non-participants had a 

different distribution of hearing loss or social outcomes than did participants. Because only a 

small proportion of survivors reported use of a hearing intervention we could not compare 

social outcomes for those with and without aided hearing. Presumably, timely intervention 
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could offset deleterious social effects of hearing loss. However, our data are consistent with 

data from the general population suggesting that the majority of adults who could benefit 

from hearing aids do not use them.34, 35 Participants in SJLIFE received risk-based medical 

screenings; therefore, not all participants underwent systematic evaluations of organ 

function (e.g. echocardiography, pulmonary function testing, bone mineral density testing). 

As a result, conditions detected through these assessments could not be considered in our 

analyses. However, it is likely that most social outcomes were attained prior to the 

development of chronic health conditions whereas many auditory complications, including 

cisplatin induced hearing loss,36 occur within the first five years of diagnosis31 and likely 

precede adult social attainment. Because this analysis was cross-sectional in nature a clear 

understanding of specific causal relations is limited. Lastly, there is a degree of uncertainty 

in the findings, for example with perceived negative impact in social functioning from 

hearing loss among CNS patients (OR 1.78; 95% CI 0.79-4.01), as reflected by the 

confidence intervals that include the null value of 1.0.

In summary, treatment-induced hearing loss in childhood cancer survivors was associated 

with reduced perception of and actual adult social attainment. Nearly 38% of adult survivors 

in our sample had serious hearing loss and a sizeable proportion of these survivors reported 

restrictions in their social functioning. Continued follow-up of adult survivors of childhood 

cancer is necessary to evaluate future onset or worsening of auditory complications as well 

as associated impact on social participation and attainment.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Consort diagram of study participation
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Table 1
Chang Ototoxicity Grading Scale

Chang Grade Sensorineural Hearing Threshold (dB HL) bone conduction or air conduction with normal tympanogram

0 ≤ 20 dB at 1, 2, and 4 kHz

1a ≥ 40 dB at any freq 6 to 12 kHz

1b > 20 and < 40 dB at 4kHz

2a ≥ 40 dB at 4 kHz and above

2b > 20 and < 40 dB at any freq below 4kHz

3 ≥ 40 dB at 2 or 3 kHz and above

4 ≥ 40 dB at 1 kHz and above
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Table 2
Participant characteristics

CNS tumors (N=180) Non-CNS solid tumors (N=226)

M (SD) M (SD) P-value

Age at follow-up (years) 26.60 (5.49) 31.02 (7.86)

Age at diagnosis (years) 8.41 (4.56) 8.67 (6.27)

N (%) N (%)

Years since diagnosis <0.0001

 10-19 122 (67.78) 86 (38.05)

 20-29 53 (29.44) 115 (50.88)

 30-39 3 (1.67) 21 (9.29)

 40+ 2 (1.11) 4 (1.77)

Sex 0.03

 Male 111 (61.67) 115 (50.88)

 Female 69 (38.33) 111 (49.12)

Cranial Radiation <0.0001

 Yes 179 (99.44) 84 (37.17)

 No 1 (0.56) 142 (62.83)

Carboplatin 0.002

 Yes 8 (4.44) 31 (13.72)

 No 172 (95.56) 195 (86.28)

Cisplatin <0.0001

 Yes 55 (30.56) 156 (69.03)

 No 125 (69.44) 70 (30.97)

Relapse/Recurrent 0.74

 Yes 21 (11.7) 24 (10.6)

 No 159 (88.3) 202 (89.4)

Endocrine Condition ≥ Grade 3 0.01

 Yes 69 (38.33) 59 (26.11)

 No 111 (61.67) 167 (73.89)

Visual Condition ≥ Grade 3 0.71

 Yes 27 (15.00) 31 (13.72)

 No 153 (85.00) 195 (86.28)

Neurocognitive Impairment -

 Yes 42 (23.33) n/a

 No 135 (75.00) n/a

 Missing 3 (1.67) n/a

Note. n/a = not available. SMN = subsequent malignant neoplasm.
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Table 3
Chang Grade Distribution for Better and Worse Ear

Better Ear Worse Ear

Non-CNS N=226 CNS N=180 Non-CNS N=226 CNS N=180

Chang Grade N (%) N (%) N (%) N (%)

0 92 (40.7) 88 (48.9) 76 (33.6) 73 (40.6)

1a 23 (10.2) 12 (6.7) 20 (8.9) 6 (3.3)

1b 11 (4.9) 7 (3.9) 13 (5.8) 6 (3.3)

2a 11 (4.9) 8 (4.4) 7 (3.1) 1 (0.6)

2b 21 (9.3) 10 (5.6) 21 (9.3) 10 (5.6)

3 55 (24.3) 27 (15.0) 69 (30.5) 27 (15.0)

4 13 (5.8) 28 (15.6) 20 (8.9) 57 (31.7)

Note. Serious hearing loss defined as Grade ≥2b in better ear.

Cancer. Author manuscript; available in PMC 2016 November 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Brinkman et al. Page 15

T
ab

le
 4

Se
ri

ou
s 

he
ar

in
g 

lo
ss

 a
nd

 p
er

ce
iv

ed
 n

eg
at

iv
e 

im
pa

ct
 o

n 
so

ci
al

 f
un

ct
io

ni
ng

4a
. E

du
ca

ti
on

al
 p

la
ns

 O
R

 w
or

k 
lif

e 
or

 c
ar

ee
r

C
N

S 
su

rv
iv

or
s

N
on

-C
N

S 
su

rv
iv

or
s

O
R

95
%

 C
I

P
-v

al
ue

O
R

95
%

 C
I

P
-v

al
ue

A
ge

 a
t e

va
lu

at
io

n
1.

04
0.

97
-1

.1
2

0.
26

1.
05

1.
00

-1
.1

0
0.

05

A
ge

 a
t d

ia
gn

os
is

0.
90

0.
82

-0
.9

9
0.

03
1.

01
0.

95
-1

.0
7

0.
75

Se
x

 
M

al
e

1.
00

1.
00

 
Fe

m
al

e
0.

58
0.

29
-1

.1
5

0.
12

0.
86

0.
46

-1
.5

9
0.

63

H
ea

ri
ng

 L
os

s*

 
N

o
1.

00
1.

00

 
Y

es
1.

53
0.

72
-3

.2
9

0.
27

1.
74

0.
93

-3
.2

6
0.

08

IQ
 I

m
pa

ir
m

en
t

 
N

o
1.

00
-

 
Y

es
2.

46
0.

88
-6

.8
5

0.
09

-
-

-

≥G
ra

de
 3

 c
on

di
tio

n†

 
N

o
1.

00
1.

00

 
Y

es
1.

15
0.

58
-2

.2
8

0.
68

0.
81

0.
42

-1
.5

4
0.

52

4b
. S

oc
ia

l f
un

ct
io

ni
ng

C
N

S 
su

rv
iv

or
s

N
on

-C
N

S 
su

rv
iv

or
s

O
R

95
%

 C
I

P
-v

al
ue

O
R

95
%

 C
I

P
-v

al
ue

A
ge

 a
t e

va
lu

at
io

n
0.

99
0.

91
-1

.0
7

0.
80

1.
02

0.
96

-1
.0

8
0.

47

A
ge

 a
t d

ia
gn

os
is

1.
05

0.
95

-1
.1

7
0.

34
1.

02
0.

95
-1

.1
0

0.
58

Se
x

 
M

al
e

1.
00

1.
00

 
Fe

m
al

e
1.

70
0.

77
-3

.7
9

0.
19

1.
77

0.
85

-3
.6

9
0.

13

H
ea

ri
ng

 L
os

s*

Cancer. Author manuscript; available in PMC 2016 November 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Brinkman et al. Page 16

4a
. E

du
ca

ti
on

al
 p

la
ns

 O
R

 w
or

k 
lif

e 
or

 c
ar

ee
r

C
N

S 
su

rv
iv

or
s

N
on

-C
N

S 
su

rv
iv

or
s

O
R

95
%

 C
I

P
-v

al
ue

O
R

95
%

 C
I

P
-v

al
ue

 
N

o
1.

00
1.

00

 
Y

es
1.

60
0.

69
-3

.6
9

0.
27

2.
28

1.
09

-4
.7

5
0.

03

IQ
 I

m
pa

ir
m

en
t

 
N

o
1.

00
-

 
Y

es
5.

74
2.

19
-1

5.
01

0.
00

04
-

-
-

≥G
ra

de
 3

 c
on

di
tio

n†

 
N

o
1.

00
1.

00

 
Y

es
1.

52
0.

68
-3

.3
9

0.
30

1.
36

0.
65

-2
.8

1
0.

41

4c
. E

du
ca

tio
n/

vo
ca

tio
n 

or
 s

oc
ia

l f
un

ct
io

ni
ng

C
N

S 
su

rv
iv

or
s

N
on

-C
N

S 
su

rv
iv

or
s

O
R

95
%

 C
I

P
-v

al
ue

O
R

95
%

 C
I

P
-v

al
ue

A
ge

 a
t e

va
lu

at
io

n
1.

04
0.

97
-1

.1
3

0.
28

1.
04

0.
99

-1
.0

9
0.

08

A
ge

 a
t d

ia
gn

os
is

0.
94

0.
85

-1
.0

3
0.

17
1.

01
0.

95
-1

.0
7

0.
80

Se
x

 
M

al
e

1.
00

1.
00

 
Fe

m
al

e
0.

72
0.

35
-1

.4
7

0.
37

0.
93

0.
52

-1
.6

7
0.

81

H
ea

ri
ng

 L
os

s*

 
N

o
1.

00
1.

00

 
Y

es
1.

78
0.

79
-4

.0
1

0.
17

1.
83

1.
00

-3
.3

4
0.

05

IQ
 I

m
pa

ir
m

en
t

 
N

o
1.

00
-

 
Y

es
3.

31
1.

02
-1

0.
68

0.
05

-
-

-

≥G
ra

de
 3

 c
on

di
tio

n†

 
N

o
1.

00
1.

00

 
Y

es
1.

28
0.

63
-2

.5
9

0.
49

0.
93

0.
50

-1
.7

2
0.

82

* C
ha

ng
 g

ra
de

 ≥
2b

 h
ea

ri
ng

 le
ve

l v
er

su
s 

≤2
a 

he
ar

in
g 

le
ve

l

Cancer. Author manuscript; available in PMC 2016 November 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Brinkman et al. Page 17
† E

nd
oc

ri
ne

 a
nd

 v
is

ua
l h

ea
lth

 c
on

di
tio

ns

Cancer. Author manuscript; available in PMC 2016 November 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Brinkman et al. Page 18

T
ab

le
 5

H
ea

ri
ng

 lo
ss

 a
nd

 s
oc

ia
l a

tt
ai

nm
en

t

5a
. N

on
-i

nd
ep

en
de

nt
 li

vi
ng

C
N

S 
su

rv
iv

or
s

N
on

-C
N

S 
su

rv
iv

or
s

O
R

95
%

 C
I

P
-v

al
ue

O
R

95
%

 C
I

P
-v

al
ue

A
ge

 a
t e

va
lu

at
io

n
0.

88
0.

81
-0

.9
5

0.
00

3
0.

95
0.

91
-1

.0
0

0.
06

A
ge

 a
t d

ia
gn

os
is

0.
99

0.
90

-1
.0

9
0.

88
0.

98
0.

93
-1

.0
4

0.
60

Se
x

 
M

al
e

1.
00

1.
00

 
Fe

m
al

e
1.

32
0.

61
-2

.8
1

0.
48

0.
92

0.
50

-1
.6

8
0.

77

H
ea

ri
ng

 L
os

s*

 
N

o
1.

00
1.

00

 
Y

es
1.

57
0.

69
-3

.5
7

0.
28

2.
19

1.
19

-4
.0

4
0.

01

IQ
 I

m
pa

ir
m

en
t

 
N

o
1.

00
-

 
Y

es
12

.1
5

2.
38

-6
2.

08
0.

00
3

-
-

-

≥G
ra

de
 3

 c
on

di
tio

n†

 
N

o
1.

00
1.

00

 
Y

es
0.

91
0.

44
-1

.9
0

0.
80

1.
56

0.
85

-2
.8

9
0.

15

5b
. N

ev
er

 m
ar

ri
ed

C
N

S 
su

rv
iv

or
s

N
on

-C
N

S 
su

rv
iv

or
s

O
R

95
%

 C
I

P
-v

al
ue

O
R

95
%

 C
I

P
-v

al
ue

A
ge

 a
t e

va
lu

at
io

n
0.

83
0.

75
-0

.9
1

<
0.

00
01

0.
88

0.
83

-0
.9

3
<

0.
00

01

A
ge

 a
t d

ia
gn

os
is

0.
96

0.
86

-1
.0

7
0.

43
0.

94
0.

88
-1

.0
0

0.
05

Se
x

 
M

al
e

1.
00

1.
00

 
Fe

m
al

e
0.

77
0.

32
-1

.8
6

0.
56

0.
69

0.
35

-1
.3

5
0.

28

H
ea

ri
ng

 L
os

s*

Cancer. Author manuscript; available in PMC 2016 November 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Brinkman et al. Page 19

5a
. N

on
-i

nd
ep

en
de

nt
 li

vi
ng

C
N

S 
su

rv
iv

or
s

N
on

-C
N

S 
su

rv
iv

or
s

O
R

95
%

 C
I

P
-v

al
ue

O
R

95
%

 C
I

P
-v

al
ue

 
N

o
1.

00
1.

00

 
Y

es
1.

02
0.

40
-2

.6
2

0.
96

1.
61

0.
81

-3
.2

0
0.

17

IQ
 I

m
pa

ir
m

en
t

 
N

o
1.

00
-

 
Y

es
3.

25
0.

70
-1

5.
04

0.
13

-
-

-

≥G
ra

de
 3

 c
on

di
tio

n†

 
N

o
1.

00
1.

00

 
Y

es
1.

50
0.

62
-3

.6
6

0.
37

0.
71

0.
36

-1
.4

2
0.

33

5c
. U

ne
m

pl
oy

ed
 a

nd
/o

r 
di

d 
no

t g
ra

du
at

e 
fr

om
 h

ig
h 

sc
ho

ol

C
N

S 
su

rv
iv

or
s

N
on

-C
N

S 
su

rv
iv

or
s

O
R

95
%

 C
I

P
-v

al
ue

O
R

95
%

 C
I

P
-v

al
ue

A
ge

 a
t e

va
lu

at
io

n
1.

01
0.

94
-1

.0
8

0.
79

1.
01

0.
97

-1
.0

6
0.

60

A
ge

 a
t d

ia
gn

os
is

0.
96

0.
88

-1
.0

5
0.

36
0.

98
0.

92
-1

.0
4

0.
43

Se
x

 
M

al
e

1.
00

1.
00

 
Fe

m
al

e
1.

48
0.

74
-2

.9
6

0.
27

0.
87

0.
48

-1
.5

7
0.

64

H
ea

ri
ng

 L
os

s*

 
N

o
1.

00
1.

00

 
Y

es
1.

83
0.

87
-3

.8
9

0.
11

1.
85

1.
02

-3
.3

5
0.

04

IQ
 I

m
pa

ir
m

en
t

 
N

o
1.

00
-

 
Y

es
6.

85
2.

16
-2

1.
70

0.
00

1
-

-
-

≥G
ra

de
 3

 c
on

di
tio

n†

 
N

o
1.

00
1.

00

 
Y

es
1.

06
0.

54
-2

.0
9

0.
86

1.
26

0.
69

-2
.2

8
0.

46

Cancer. Author manuscript; available in PMC 2016 November 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Brinkman et al. Page 20

5a
. N

on
-i

nd
ep

en
de

nt
 li

vi
ng

C
N

S 
su

rv
iv

or
s

N
on

-C
N

S 
su

rv
iv

or
s

O
R

95
%

 C
I

P
-v

al
ue

O
R

95
%

 C
I

P
-v

al
ue

5d
. A

ny
 a

dv
er

se
 s

oc
ia

l a
tta

in
m

en
t o

ut
co

m
e

C
N

S 
su

rv
iv

or
s

N
on

-C
N

S 
su

rv
iv

or
s

O
R

95
%

 C
I

P
-v

al
ue

O
R

95
%

 C
I

P
-v

al
ue

A
ge

 a
t e

va
lu

at
io

n
0.

88
0.

80
-0

.9
6

0.
00

3
0.

93
0.

89
-0

.9
8

0.
00

5

A
ge

 a
t d

ia
gn

os
is

0.
95

0.
84

-1
.0

9
0.

48
0.

95
0.

89
-1

.0
1

0.
09

Se
x

 
M

al
e

1.
00

1.
00

 
Fe

m
al

e
2.

03
0.

61
-6

.7
6

0.
25

1.
04

0.
54

-1
.9

8
0.

92

H
ea

ri
ng

 L
os

s*

 
N

o
1.

00
1.

00

 
Y

es
1.

19
0.

37
-3

.8
8

0.
77

2.
27

1.
15

-4
.4

8
0.

02

IQ
 I

m
pa

ir
m

en
t

 
N

o
1.

00
-

 
Y

es
4.

68
0.

51
-4

3.
25

0.
17

-
-

-

≥G
ra

de
 3

 c
on

di
tio

n†

 
N

o
1.

00
1.

00

 
Y

es
0.

52
0.

17
-1

.5
6

0.
24

1.
09

0.
55

-2
.1

4
0.

80

* C
ha

ng
 g

ra
de

 ≥
2b

 h
ea

ri
ng

 le
ve

l v
er

su
s 

≤2
a 

he
ar

in
g 

le
ve

l

† E
nd

oc
ri

ne
 a

nd
 v

is
ua

l h
ea

lth
 c

on
di

tio
ns

Cancer. Author manuscript; available in PMC 2016 November 15.


