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 29 

Abstract (271) 30 

Background: Globally, it is estimated that approximately 1.3 billion people live with 31 

some form of hearing impairment. Major causes of hearing loss include 32 

infection/disease, age-related factors, and occupational factors. Numerous 33 

systematic reviews and meta-analyses have attempted to synthesise literature on 34 

these topics. To date there has not been a systematic evaluation of the relationships 35 

between hearing impairment and diverse physical, mental, and social outcomes.  36 

Objective: We performed an umbrella review of systematic reviews of observational 37 

studies with meta analyses for any physical disease, biomarkers of disease, mental 38 

health or cognitive outcomes, and/or modifiable risk factors associated with hearing 39 

impairment.  40 

Methods: For each meta-analytic association, random-effects summary effect size, 41 

95% confidence intervals, heterogeneity, evidence for small-study effect, excess 42 

significance bias and 95% prediction intervals were calculated, and risk of bias was 43 

assessed via the AMSTAR2 tool. These were used to grade significant evidence 44 

(p<0.05) from I to IV, using the recommendations from the Grading of 45 

Recommendations, Assessment, Development, and Evaluation (GRADE) criteria.  46 

Results: From 3,747 studies, 21 were included covering 54 outcomes. Overall, 47 

44/54 outcomes (82%) yielded significant results. Of the highest quality evidence, 48 

age related hearing loss and non-specific hearing impairment was negatively 49 

associated with several types of cognitive impairments; paediatric bilateral hearing 50 

loss was negatively associated with quality of life; sensorineural hearing loss was 51 
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positively associated with rheumatoid arthritis; and tinnitus was positively associated 52 

with temporomandibular disorders.  53 

Conclusions and Relevance: Results show moderate quality evidence for 54 

associations between several types of hearing impairments and cognitive difficulties, 55 

quality of life and systemic diseases such as rheumatoid arthritis. Practitioners and 56 

public health policies should note these findings when developing relevant 57 

healthcare policies.   58 

 59 

Competing interests: All authors have completed the ICMJE uniform disclosure 60 

form at www.icmje.org/coi_disclosure.pdf and declare: no support from any 61 

organisation for the submitted work; no financial relationships with any organisations 62 

that might have an interest in the submitted work in the previous three years; no 63 

other relationships or activities that could appear to have influenced the submitted 64 

work. 65 

Transparency Statement 66 
The lead author confirms that the manuscript is an honest, accurate, and transparent 67 

account of the study being reported. No important aspects of the study have been 68 

omitted.  69 

Ethics Statement 70 

Because this was a systematic review, ethical approval was not required. 71 

 72 

  73 



 4 

1. Introduction 74 

Globally, it is estimated that approximately 1.3 billion people live with some form of 75 

hearing impairment [1], defined as having hearing thresholds of <20 dB in one or both 76 

ears [2]. Hearing loss impacts a substantial portion of the world, and is commonly 77 

measured as Years Lived with Disability (YLD) [3] and Disability Adjusted Life Years 78 

(DALY) [4]. For example, hearing loss has been reported to have a global YLD of 41 79 

years/100,000 years [3], and a global DALY of 10,875,000 years [4]. The economic 80 

impact of hearing loss in adults has been estimated to be very large. Indeed, a 2017 81 

systematic review in the USA estimated the economic cost of lost productivity due to 82 

hearing impairment to be as high as 194 billion dollars [5]. A large body of literature 83 

reports that those who have hearing impairment may be at a higher risk of physical 84 

and mental health complications when compared to those with normal hearing (e.g. 85 

diabetes [6], dyslipidaemia [7], hypertension [8], cognitive function [9],[10], and 86 

depression [11]). 87 

Given the incidence, morbidity, and mortality rates associated with hearing 88 

impairment, numerous systematic reviews and meta-analyses have published to 89 

quantify this disparate literature. From these reviews, several significant associations 90 

between hearing impairment and several physical, mental and psychosocial co-91 

variates have been reported, including emotional difficulties, depression and quality of 92 

life [12,13]. To date, most of the systematic reviews have focused on a single health-93 

related end point, and there have been few studies that have systematically evaluated 94 

the relationships between hearing impairment and diverse physical, mental, and/or 95 

psychosocial health outcomes. To a certain extent, the Global Burden of Disease 96 

project has carried this out for different levels of hearing impairment although various 97 

parameters such as quality of life and mental states have yet to be examined. In order 98 
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to address the breadth of the literature of complex conditions and comorbid outcomes, 99 

an increasing number of studies have used an ‘umbrella review’ approach, a novel 100 

method of synthesising existing systematic reviews with meta-analyses to capture the 101 

breadth of outcomes associated with a given exposure [14,15].  102 

Therefore, the aim of the present study was to assess the strength and credibility of 103 

the evidence on any type of hearing impairment and associated mental, physical, or 104 

social outcomes, derived from published meta-analyses of existing observational 105 

studies using an umbrella review approach, aiming to answer the following questions:  106 

1. What physical, mental, and social outcomes are associated with hearing 107 

impairment? 108 

2. What is the epidemiological credibility of the relationships between hearing 109 

impairment and comorbid outcomes?  110 

The results of these questions has the potential to inform practitioners working with 111 

people with hearing impairment, related public health policy, and inform further 112 

research, especially regarding systemic review reporting.  113 

 114 

  115 
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2. Methods  116 

An umbrella review was carried out following established, pre-published procedures 117 

(see Ioannidis 2009[14] and Aromataris 2015 [16]). The protocol for the present 118 

umbrella review was preregistered with PROSPERO (registration number 119 

CRD42018093358).  120 

 121 

2.1 Search strategy and selection criteria 122 

We searched PsycINFO, Medline, CINAHL, and Embase databases (from inception 123 

to 04/06/2020) to identify systematic reviews with meta-analyses, pooling 124 

observational (cross-sectional, case-control, cohort) studies to examine any 125 

association between hearing impairment and any physical, mental, or social outcome. 126 

The following search key was used: “(meta-analysis or meta-anal* or systematic 127 

review) AND (hearing OR hearing impair* OR deaf OR deafness)”. Two independent 128 

reviewers (MT, DP) searched titles/abstracts for eligibility, and then evaluated the full 129 

text of those articles surviving the initial title/abstract screening. A third reviewer 130 

resolved any potential conflict (LS). When more than one meta-analysis assessed the 131 

same risk factor or the same outcome, we only included the one with the greatest 132 

number of included studies [17–19]. Exclusion criteria were: 1) meta-analyses of 133 

randomized controlled trials (RCTs); 2) studies published in languages other than 134 

English, 3) meta-analyses reporting only one study for the outcome of interest, since 135 

no meta-analysis was possible.  136 

 137 

2.2 Data extraction 138 

Data was independently extracted by two investigators (MT, DP) into a pre-prepared 139 

spreadsheet. For each meta-analysis, we extracted PMID/DOI, first author, publication 140 
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year, population included in the study, study design, number of included studies, the 141 

total sample size and number of cases, i.e. people having the outcome of interest. risk 142 

of bias of each included meta-analysis was assessed with the Assessment of Multiple 143 

Systematic Reviews (AMSTAR) 2 tool (available at https://amstar.ca/Amstar-2.php), 144 

which is a recent update of AMSTAR [20], by two independent investigators (MT, DP).  145 

 146 

2.3 Data analysis 147 

For each association of meta-analyses providing individual study data, we extracted 148 

effect sizes (ESs) of individual studies and re-performed the meta-analysis calculating 149 

the pooled effect size and the 95% confidence intervals (CIs), with random-effects 150 

models[21]. Heterogeneity was assessed with the I2 statistic [22]. Additionally, we 151 

calculated the 95% prediction intervals (PIs) for the summary random ESs providing 152 

the possible range in which the ESs of future studies is expected to fall [23].  153 

 154 

We also tested the presence of small-study effect bias [17,24–26], which is deemed 155 

to be present when both pooled estimates are larger than the individual largest study, 156 

and in the presence of publication bias (Egger’s regression asymmetry test (p<0.10)). 157 

We then assessed the existence of excess significance bias by evaluating whether 158 

the observed number (O) of studies with nominally statistically significant results 159 

(p<0.05) was different from the expected number of studies with statistically significant 160 

results (significance threshold set at p<0.10) [26,27], a test designed to assess 161 

whether the published meta-analyses comprise an over-representation of false 162 

positive findings [26].  163 

 164 

  165 
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2.4 Assessment of the credibility of the evidence 166 

Credibility of meta-analyses providing individual study data was assessed according 167 

to stringent criteria based on previously published umbrella reviews [19,24,25,28–30]. 168 

In brief, associations that presented nominally significant random-effects summary 169 

effect sizes (p<0.05) were ranked as Grade I, II, III, and IV (see Table 1), based on 170 

the Grading of Recommendations, Assessment, Development and Evaluation 171 

(GRADE) criteria [31].  172 

 173 

  174 
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3. Results 175 

3.1 Search  176 

The initial search yielded 3,747 results, of which 1,936 were duplicates and removed, 177 

leaving 1,811 articles for title and abstract review. Of these 1,811 articles, 68 articles 178 

were selected for full-text review against the inclusion and exclusion criteria, which 179 

yielded 21 articles [6–12,32–45] (with 54 outcomes) to be used in the final analysis. 180 

The full PRIMSA flowchart can be found in Figure 1 and full descriptive information on 181 

included studies can be found in Table 2. 182 

 183 

3.2 Findings from studies examining hearing impairment and mental health 184 

and/or cognition. 185 

Of the reviews that examined associations between hearing impairment and mental 186 

health and/or cognition, 34 associations were assessed (16 from case-control or 187 

cross-sectional studies and 16 from prospective and retrospective studies). The 188 

median number of studies was 7 and the median number of participants was 6,109. 189 

Full details of all types of hearing impairment and outcomes  are shown in Table 3. 190 

 191 

The p-value for effect-size, under a random effects model, was <0.05 in 32/34 192 

outcomes and, among them, eight reported a p-value <1*10-6. Among the 34 193 

outcomes, 14 reported low heterogeneity (I2<50%), eight moderate heterogeneity (I2 194 

between 50 and 75%) and 12 high heterogeneity. Small study effect affected 10/34 195 

outcomes, whilst seven outcomes had excess significance bias (see Table 3). The 196 

largest study for each outcome was significant in 21/34 outcomes.  197 

 198 
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Using the GRADE criteria, eight outcomes yielded Grade II evidence, 16 yielded 199 

Grade III, and eight outcomes yielded Grade IV quality of evidence , while two had no 200 

significance. Regarding the highest quality evidence (Grade II), age-related hearing 201 

loss was negatively associated with cognition: processing fluency (Fisher’s Z = -0.08 202 

95% CI -0.12; -0.04), cognition: delayed recall (Fisher’s Z= -0.10; 95%CI: -0.15; -0.05), 203 

non-specific hearing impairment was negatively associated with delusion, delusion like 204 

symptoms, or paranoid symptoms (OR=1.55 95% CI 1.36-1.78), non-specific hearing 205 

impairment was associated with hallucinations (OR=1.40 95% CI 1.18-1.65) and mild 206 

cognitive impairment (RR=1.30 95% CI=1.12-1.52). Furthermore, significant 207 

associations were also found between hearing impairment and quality of life 208 

measures, including paediatric bilateral hearing loss being negatively associated with 209 

quality of life in both the school and social domains (school: SMD=-0.39 95%CI -0.59; 210 

-0.19; social: SMD= -0.25 95% CI= -0.48; -0.03). 211 

 212 

3.3 Findings from studies examining hearing impairment and disease or disease 213 

biomarkers 214 

Of the reviews that examined associations between hearing impairment and 215 

disease/disease biomarkers, 13 associations were assessed (10 from case-control or 216 

cross-sectional studies and 3 from prospective and retrospective studies). The median 217 

number of studies was 6 and the median number of participants was 1,560. Full details 218 

of all types of hearing impairment and outcomes  are shown in Table 4. 219 

 220 

The p-value for effect-size, under a random effects model, was <0.05 in 9/13 outcomes 221 

and, among them, three reported a p-value <1*10-6. Among the 13 outcomes, five 222 

reported low heterogeneity (I2<50%), three moderate heterogeneity (I2 between 50 223 
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and 75%) and four high heterogeneity. Small study effect affected 6/13 outcomes, 224 

whilst one outcomes had excess significance bias (see Table 4). The largest study for 225 

each outcome was significant in 10/13 outcomes.  226 

 227 

Using the GRADE criteria, three outcomes yielded Grade II evidence, two yielded 228 

Grade III, and four outcomes yielded Grade IV quality of evidence , while four had no 229 

significance. Regarding the highest quality evidence (Grade II), sensorineural hearing 230 

loss was negatively associated with rheumatoid arthritis in both case control/cross-231 

sectional and prospective and retrospective studies (case-control or cross-sectional 232 

OR=3.42 95% CI 2.50-4.69; prospective and retrospective OR=2.28 95% CI 1.88-233 

2.75), and tinnitus was negatively associated with temporomandibular disorders 234 

(OR=1.80 95% CI 1.64-1.99).  235 

 236 

3.4 Findings from studies examining hearing impairment and modifiable risk 237 

factors. 238 

Of the reviews that examined associations between hearing impairment and 239 

modifiable risk factors, seven associations were assessed (four from case-control or 240 

cross-sectional studies and three from prospective and retrospective studies). The 241 

median number of studies was 4 and the median number of participants was 5,892. 242 

Full details of all types of hearing impairment and outcomes  are shown in Table 5. 243 

 244 

The p-value for effect-size, under a random effects model, was <0.05 in 3/7 outcomes 245 

and none of them reported a p-value <1*10-6. Among the seven outcomes, one 246 

reported low heterogeneity (I2<50%), two moderate heterogeneity (I2 between 50 and 247 

75%) and four high heterogeneity. Small study effect affected 3/7 outcomes, whilst 248 
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two outcomes had excess significance bias (see Table 5). The largest study for each 249 

outcome was significant in 6/7 outcomes. Using the GRADE criteria, one outcome 250 

yielded Grade III evidence, two outcomes yielded Grade IV quality of evidence , while 251 

four had no significance. 252 

 253 

3.5 Risk of Bias  254 

The majority of meta-analyses scored ‘critically low’ (n=20/21) on AMSTAR2, and one 255 

scored ‘low’ (see Supplementary Table 1). The main reasons for the low scoring was 256 

that all included studies failed to provide a list of excluded studies and justify their 257 

exclusions (AMSTAR2 question 7), and the majority studies failed to report an explicit 258 

statement that the review methods were established prior to the conduct of the review 259 

(AMSTAR2 question 2; 5/21 studies satisfied this criteria). According to Shea and 260 

colleagues [20], these constitute a major risk of bias in all included studies, and as a 261 

result the credibility of evidence for all studies were downgraded by one (see Tables 262 

1, 3, and 4).  263 

  264 
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4. Discussion 265 

The present umbrella review, including 21 studies and 54 health outcomes, provides 266 

a broad overview of the existing evidence of associations between hearing impairment 267 

and diverse health outcomes, including diseases and/or disease biomarkers, mental 268 

health or cognition, and modifiable risk factors. Furthermore, this review provides a 269 

systematic evaluation of the methodological quality of available meta-analyses. 270 

According to the GRADE assessment, there were 11 outcomes that yielded Grade II 271 

evidence, 19 outcomes yielded Grade III evidence, and 14 outcomes yielded Grade 272 

IV evidence.  273 

 274 

4.1 Mental health/cognition 275 

4.1.1 Grade II Evidence 276 

Of the Grade II evidence that examines hearing impairment and mental health or 277 

cognition, several outcomes were related to cognitive functioning, including cognitive 278 

processing fluency being negatively associated with ARHL in cross-sectional studies 279 

only (prospective studies showed no significance), delayed recall being negatively 280 

associated with ARHL in prospective studies (and in cross-sectional studies with a 281 

lower grade of evidence), and mild cognitive impairment being positively associated 282 

with having hearing impairment in prospective studies, which broadly agrees with 283 

primary studies that explores cognitive function using neuroimaging [46]. The 284 

underpinning mechanisms for these cognitive declines remain unclear, however one 285 

proposed mechanism that cognitive function could be reduced as a result of the 286 

impaired speech perception that comes with age related hearing loss [36]. Given the 287 

disparity between cross-sectional and prospective studies, the differing strengths of 288 



 14 

evidence in different types of cognitive decline, and cognitive decline’s effect on quality 289 

of life, further research to confirm or refute these associations are warranted. Another 290 

mental health outcome that yielded high levels of evidence were related to psychosis. 291 

In cross-sectional and case-control studies having a hearing impairment was positively 292 

associated with the incidence of delusions, delusion like symptoms, or paranoid 293 

symptoms, and in cohort studies having hearing impairment was positively associated 294 

with the incidence of hallucinations, and general psychotic symptoms. Although there 295 

is no clear consensus on the mechanisms underlying hearing impairment and 296 

incidence psychotic symptoms/episodes, two models have been proposed by Linszen 297 

et al [10]. In brief, one model describes how hearing impairment and psychosis could  298 

independently share a common precursor: mainly genetic defects, preterm and early-299 

life central nervous system infections, and disease [47,48], all of which could lead to 300 

hearing impairment, psychosis, or both. Linszen et al also suggests several possible 301 

direct causal relationships. For example, hearing impairment has been linked to 302 

disturbances in the ability to attribute mental states to oneself and to others, which 303 

further has been linked to delusions. Furthermore, hearing impairment related 304 

disturbances in source monitoring and top-down processing have been linked to 305 

hallucinations [10]. To confirm or refute these models/relationships between hearing 306 

impairment and psychoses, longitudinal studies are warranted. Regarding quality of 307 

life outcomes, this study found Grade II evidence that paediatric bilateral hearing loss 308 

was negatively associated with quality of life (in the ‘school’ and ‘social’ domains) - 309 

both being related to social relationships. These results highlight the need to both 310 

monitor mental health and social outcomes in children with bilateral hearing loss and 311 

highlights the need for targeted interventions to be created and implemented in this 312 

population.  313 
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 314 

4.1.2 Grade III and IV evidence  315 

Of the Grade III evidence, hearing impairment was negatively associated with several 316 

mental health or cognitive outcomes. This review found negative associations 317 

between ARHL and several types of cognitive processes, including attention, delayed 318 

and immediate recall, processing speed, reasoning, visuospatial ability and global 319 

cognition, as well as negative associations between non-specific hearing impairment 320 

and types of psychoses including delirium and schizophrenia, as well as depression 321 

and IQ scores.  Furthermore, unilateral hearing loss was negatively associated with 322 

quality of life. Of the Grade IV evidence, several outcomes were associated with 323 

mental health or cognitive outcomes, including negative associations between ARHL 324 

and  working memory, semantic memory, and immediate recall, autism spectrum 325 

disorder, Alzheimer’s disease, dementia, and psychotic disorders. Furthermore, 326 

paediatric tinnitus was negatively associated with depression. Due to the lack of quality 327 

in these associations, further studies need to be carried out to add credibility to these 328 

associations.  329 

 330 

4.2 Diseases and/or disease biomarkers 331 

4.2.1 Grade II evidence 332 

One type of association that yielded Grade II evidence in both cross-sectional, case-333 

control and prospective studies was sensorineural hearing loss (SNHL) and 334 

rheumatoid arthritis. Whilst the mechanisms underlying the association are open to 335 

debate, one mechanism that has been frequently used in the literature is linked to one 336 

of the main causes of SNHL: damage to the cochlear via the different types of 337 
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antibodies caused by rheumatoid arthritis either directly or indirectly (via autoantibody-338 

antigen reactions or cytotoxic reactions) damaging the cochlear [44,49,50]. 339 

Furthermore, a common complication of rheumatoid arthritis is rheumatoid vasculitis, 340 

which could affect the (already limited) vascular supply to the cochlear [44]. Given the 341 

both the strength of evidence and large effect sizes yielded (OR=3.42 and 2.28 for 342 

cross-sectional and case control and retrospective studies, respectively), it is 343 

recommended that practitioners working with rheumatoid arthritis patients routinely 344 

monitor for possible hearing impairment. Furthermore, to assist with treatment and 345 

possible prevention, researchers should focus their studies on longitudinal studies to 346 

establish causality , and the underlying mechanisms. There was also Grade II 347 

evidence that tinnitus is positively associated with temporomandibular disorders. One 348 

mechanism for this that is common in the literature is the anatomical link between the 349 

tensor veli palatini, the eustachian tube, or one of the several ligaments and the middle 350 

ear, a disorder of which could cause middle ear tension of ventilation that leads to 351 

tinnitus symptoms [43]. It is recommended that practitioners who are working with 352 

patients with either tinnitus or temporomandibular disorders should screen for 353 

respective temporomandibular disorders and tinnitus. Furthermore, longitudinal 354 

research is required to establish causal directions. 355 

 356 

4.2.2 Grade III and IV evidence 357 

Of the associations of Grade III evidence, non-specific hearing loss was negatively 358 

associated with type 1 diabetes, and sensorineural hearing loss was negatively 359 

associated with vertigo. Of the Grade IV quality, age-related hearing loss (ARHL) was 360 

negatively associated with diabetes, and pure tone audiometry differences were found 361 

with COPD patients. Moreover, non-specific hearing loss was negatively associated 362 
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with low bone mineral density or osteoporosis. Due to the lack of quality in these 363 

associations, further studies need to be carried out to add credibility to these 364 

associations.  365 

 366 
4.3 Modifiable risk factors 367 
 368 
Of the modifiable risk factors, paediatric tinnitus was negatively associated with noise 369 

exposure, noise induced hearing loss was negatively associated with smoking; and 370 

sensorineural hearing loss with negatively associated with iron deficiency anaemia. 371 

Because all of these associations were of low quality of evidence, it is difficult to 372 

conclude if modifiable risk factors are truly associated with any type of hearing 373 

impairment. Further homogeneous studies are required to confirm or refute these 374 

findings.  375 

 376 

Despite the lower quality of evidence regarding hearing loss and modifiable risk 377 

factors, it is still recommended that people minimise the risk of damaging the ear 378 

wherever possible. These include (a) avoiding loud noises; including (b) taking care 379 

when listening to loud music; (c) protecting hearing during loud events and activities; 380 

including (d) taking hearing-related precautions at places of work; and (e) having 381 

regular hearing tests [51]. Taking these precautions can prevent several hearing 382 

related problems and also identify hearing problems at an early stage, which increases 383 

the chances of favourable treatment in many cases [51].  384 

 385 

4.4 Limitations  386 
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Umbrella reviews provide top-tier evidence and important insights, however there are 387 

a number of limitations. Although we measured for heterogeneity, the meta-analyses 388 

included in this study included differing study designs, methods of measuring different 389 

types of hearing impairment and populations, especially regarding age. Furthermore, 390 

meta-analyses have inherent limitations [52]: their findings are dependent on 391 

estimates that are selected from each primary study and how they are applied in the 392 

meta-analysis. Finally, almost all of the studies included scored ‘critically low’ in the 393 

AMSTAR2 tool, indicating high risk of bias [20], and therefore a lower GRADE rating. 394 

Some studies were scored low as they had missed critical quality indicators such as 395 

confirming review methods or details about excluded studies. It is important that all 396 

the quality indicators are included in order to assure confidence in the data presented.    397 

5. Conclusion 398 

Our results show Grade II evidence for associations between ARHL and delayed recall 399 

and processing fluency; paediatric bilateral hearing loss with quality of life in both the 400 

school and social domains; non-specific hearing impairment with hallucinations, mild 401 

cognitive impairment, delusion, delusion like symptoms, or paranoid symptoms; 402 

sensorineural hearing loss with rheumatoid arthritis; and tinnitus was associated with 403 

temporomandibular disorders. Clinicians should take note of these and consider these 404 

associations in the delivery of care. Furthermore, public health policies should reflect 405 

and accommodate these associations in healthcare policies, practices and guidelines. 406 

  407 
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Figure 1: PRIMSA flowchart of included studies 
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Table 1: Credibility assessment criteria and grading 

Grading of evidence Criteria  
Grade I* - Statistical significance of p<1*10-6, including more 

than 1, 000 cases (or more than 20, 000 participants 
for continuous outcomes) 

- Have the largest component study reporting a 
significant result (p<0.05), have a 95% prediction 
interval that excluded the null,  

- Did not have large heterogeneity (I² <50%) 
- Showed no evidence of small study effects (p>0.10) 

and excess significance bias (p>0.10) 
Grade II* - Significance of p<0.001, including more than 1,000 

cases (or more than 20, 000 participants for 
continuous outcomes) 

- Have the largest component study reporting a 
statistically significant result (p<0.05) 

Grade III* - Significance of p<0.01 with more than 1,000 cases 
(or more than 20, 000 participants for continuous 
outcomes) 

Grade IV - Remaining significant associations with p<0.05 
*If studies showed a high risk of bias (defined as an AMSTAR2 score of ‘low’ or ‘critically low’), the studies were downgraded by 
one level.
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Table 2: Descriptive Characteristics of included studies 

Author (year) Hearing 
impairment type 

Author(s) definition concerning 
respective hearing impairment Type of Outcome Outcome 

Total 
included 
studies 

Total 
participants 

Age 
range 

Conflict of 
Interest 

Lin et al (2012) 
Sudden 

sensorineural 
hearing loss 

‘sudden hearing impairment of more 
than 30 dB across three contiguous 

frequencies in <3 days.’ 

Modifiable disease 
risk factor 

Smoking 11 5,892 

NR Reported: none 
declared. 

Heavy alcohol consumption 2 5,193 

Disease/ disease 
biomarkers 

Hypertension 4 243 

Diabetes 4 83 
Horikawa et al 

(2013) 
Hearing 

impairment 
Bilateral or unilateral threshold for 

hearing loss >15dB 
Disease/ disease 

biomarkers Diabetes 15 25,086 15-86 Reported: none 
declared. 

Chang et al 
(2015) 

Sudden 
sensorineural 
hearing loss 

‘rapid hearing loss of at least 30 dB in 3 
contiguous audiometric frequencies 

within 3 days’ 

Disease/ disease 
biomarkers 

Total cholesterol 6 1,241 
NR Reported: none 

declared. Low density lipoprotein 4 829 

Roland et al 
(2015) 

Bilateral hearing 
loss 

NR Mental 
health/cognition 

Quality of life - school domain 4 1,395 

6-18 Reported: none 
declared. 

Quality of life - social domain 4 1,395 

Unilateral 
hearing loss 

Quality of life - school domain 3 417 

Quality of life - social domain 3 417 

Linszen et al 
(2016) 

Hearing 
impairment ‘the entire scope of hearing impairment’ Mental 

health/cognition 

Hallucinations 5 227,406 18+ 

Not reported. 

Delusions 11 250,470 16+ 

General psychotic symptoms 7 229,647 14+ 

Schizophrenia 3 50,490 NR 

Psychotic disorders 9 8794 30+ 

Delirium 16 12,432 23+ 

Purcell et al 
(2016) 

Unilateral 
hearing loss NR Mental 

health/cognition 

Full scale IQ score 4 375 

6-18 
Reported: one 
author declares 

financial support. 
Verbal IQ 3 331 

Performance IQ 2 250 

Do et al (2017) Hearing 
impairment 

Mild hearing loss (minimum aided 
hearing threshold of 

≥ 30 dB) 

Mental 
health/cognition Autism spectrum disorder 7 NR 1-18 Reported: none 

declared. 

Wei et al (2017) Hearing 
impairment NR Mental 

health/cognition Mild cognitive impairment 4 7,524 NR Reported: none 
declared 

Teng et al (2017) Hearing loss Pure-tone threshold over 25 dB at any 
frequency without specific causes, such 

Disease/ disease 
biomarkers Type I diabetes 4 505 NR Reported: none 

declared 
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as presbycusis, noise, and hereditary 
disorders 

 
Upala et al 

(2017) Hearing loss 
‘clear diagnostic criteria for hearing loss 

were reported - conductive, 
sensorineural, or mixed’ 

Disease/ disease 
biomarkers e 

Low bone mineral density or 
osteoporosis 12 NR NR Reported: none 

declared 

Loughrey (2018) Age related 
hearing loss NR Mental 

health/cognition 

Attention 11 5,928 

NR Reported: none 
declared 

Delayed recall 11 5,991 

Fluency 13 7,296 

Immediate recall 21 11,079 

Processing speed 30 23,743 

Reasoning 12 4,922 

Semantic memory 10 3,626 

Visuospatial ability 5 1,923 

Working memory 9 6,109 

Global cognition 21 16,899 

Lee et al (2018) 
Hearing loss NR Disease/ disease 

biomarkers Paediatric tinnitus 9 26,487 
5-19 

Reported: one 
author declares 

financial support. Paediatric 
tinnitus NR Modifiable risk 

factor Noise exposure 3 7,073 

Ford et al (2018) Hearing 
impairment 

‘ICD-8 and ICD-9 codes 388.12 (hearing 
loss induced by noise), 388.2 

(unspecified sudden hearing loss), 389 
(hearing loss, conductive or 

sensorineural); ICD-10 codes H90 
(conductive and sensorineural hearing 

loss) and H91 (hearing loss due to other 
causes)’ 

Mental 
health/cognition 

Dementia 14 68,818 

NR Reported: none 
declared Alzheimer’s Disease 5 7,642 

Ji et al (2018) 
Sudden 

sensorineural 
hearing loss 

‘hearing loss of at least 30 decibels 
occurring over at least three consecutive 
frequencies and lasting at least 3 days’ 

Disease/ disease 
biomarkers Mean platelet volume 12 1,560 NR Reported: none 

declared 

Yu et al (2018) 
Sudden 

sensorineural 
hearing loss 

‘rapid-onset sensorineural hearing loss 
of more than 30 dB in at least 3 

contiguous audiometric frequencies 
within 3 days.’ 

Disease/ disease 
biomarkers Vertigo 10 4,365 NR Reported: none 

declared 

Bayat et al 
(2019) 

Pure tone 
audiometry 
differences 

‘hearing assessment in adult COPD 
patients using conventional PTA, ABR, 

or auditory P300’ 

Disease/ disease 
biomarkers 

Chronic obstructive pulmonary 
disease 4 436 NR Reported: none 

declared 

Mohammed et al 
(2019) 

Sensorineural 
hearing loss NR Disease/ disease 

biomarkers Iron deficiency anaemia 4 344,080 NR Reported: none 
declared 
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Omidvar et al 
(2019) Tinnitus NR Disease/ disease 

biomarkers Temporomandibular disorders 2 21,245 NR Reported: none 
declared 

Lawrence et al 
(2020) Hearing loss ‘measures of hearing loss (objective or 

subjective)’ 
Mental 

health/cognition Depression 42 147,148 NR 
Reported: five 

authors declare 
financial support. 

Chaitidis et al 
(2020) 

Sensorineural 
hearing loss ‘sensorineural, conductive and/or mixed 

hearing loss’ 

Disease/ disease 
biomarkers Rheumatoid arthritis 

12 99,266 
NR Reported: none 

declared Conductive 
Hearing loss 

Disease/ disease 
biomarkers 6 620 

Li et al (2020) Noise induced 
hearing loss 

‘chronic and irreversible sensorineural 
hearing loss resulting from long-term 

exposure to noise’ 

Modifiable risk 
factor Smoking 29 33,269 NR Reported: none 

declared 
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Table 3. Main findings of studies examining hearing impairment and mental health and/or cognition 

Hearing impairment type Outcome Type of 
metric 

N of 
studies Cases Sample 

size 
Effect size 
(95% CI) P I2 

Small 
study 
effect 

Excess 
significance 

bias 

Largest 
study 

significant 
PI 

Level of 
evidence 

before RoB 
assessment 

Level of 
evidence 
after RoB 

assessment 

Case-control and cross-sectional studies 

Age-related hearing loss 
 

Cognition: 
processing fluency Fisher’s Z 9 NA 5883 

-0.08 
(-0.12; -

0.04) 
<0.001 30.4 No No Yes -0.17; 0.01 Grade I Grade II 

Cognition: attention Fisher’s Z 11 NA 5928 
-0.16 

(-0.24; -
0.07) 

<0.001 87.5 No No No -0.47; 0.15 Grade II Grade III 

Cognition: delayed 
recall Fisher’s Z 7 NA 4037 

-0.10 
(-0.16; -

0.04) 
0.002 65.0 No No No -0.28; 0.09 Grade II Grade III 

Cognition: 
visuospatial ability Fisher’s Z 5 NA 1923 

-0.11 
(-0.19; -

0.03) 
0.009 7.7 Yes No No -0.26; 0.05 Grade II Grade III 

Cognition: 
immediate recall Fisher’s Z 15 NA 6786 -0.14 

(-0.2; -0.09) <0.001 80.6 No No Yes -0.36; 0.07 Grade II Grade III 

Cognition: 
processing speed Fisher’s Z 20 NA 11704 

-0.13 
(-0.18; -

0.08) 
<0.001 85.1 No No No -0.35; 0.09 Grade II Grade III 

Cognition: reasoning Fisher’s Z 12 NA 4922 
-0.18 

(-0.26; -
0.10) 

<0.001 75.9 No No Yes -0.45; 0.09 Grade II Grade III 

Global cognition Fisher’s Z 15 NA 9034 
-0.15 

(-0.19; -
0.11) 

<0.001 55.0 No No Yes -0.27; -0.03 Grade II Grade III 

Cognition: semantic 
memory Fisher’s Z 10 NA 3626 

-0.14 
(-0.21; -

0.08) 
<0.001 65.8 Yes No Yes -0.35; 0.07 Grade III Grade IV 

Cognition: working 
memory Fisher’s Z 9 NA 6109 

-0.10 
(-0.15; -

0.05) 
<0.001 56.0 Yes No No -0.24; 0.04 Grade III Grade IV 

Non-specific hearing 
impairment 

Delusions, delusion 
like symptoms, or 

paranoid symptoms 
OR 11 NA 250470 1.55 

(1.36; 1.78) <0.001 24.2 No No Yes 1.18; 2.05 Grade I Grade II 

Schizophrenia OR 3 NA 50490 3.15 
(1.25; 7.95) 0.015 53.7 No No Yes 0.00;  

56761.98 Grade II Grade III 

Non-specific hearing 
loss Depression OR 27 NA 123728 1.53 

(1.34; 1.74) <0.001 72.6 No No Yes 0.90; 2.59 Grade II Grade III 

Unilateral hearing loss Full-scale IQ score WMD 4 173 375 -6.88 
(-10.67;-3.1) <0.001 38.9 No No No -20.15; 6.38 Grade II Grade III 
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Performance IQ WMD 2 131 250 
-3.76 

(-7.27; -
0.25) 

0.036 0.0 No No No NA Grade II Grade III 

Verbal IQ Scores WMD 3 152 331 
-9.07 

(-18.73; 
0.58) 

0.066 86.2 No NA Yes -127.02; 
108.88 NS NS 

Prospective and/or retrospective studies 

Age-related hearing loss 
 

Cognition: delayed 
recall Fisher's Z 4 NA 1954 

-0.10 
(-0.15; -

0.05) 
<0.001 0.0 No No Yes -0.20; 0.00 Grade I Grade II 

Cognition: 
processing fluency Fisher's Z 4 NA 1413 -0.07 

(-0.14; 0.01) 0.074 57.7 No NA Yes -0.36; 0.23 NS NS 

Cognition: 
processing speed Fisher's Z 10 NA 12039 

-0.08 
(-0.14; -

0.03) 
0.002 96.9 No No Yes -0.27; 0.11 Grade II Grade III 

Global cognition Fisher's Z 6 NA 7865 
-0.14 

(-0.19; -
0.09) 

<0.001 73.3 No No No -0.29; 0.01 Grade II Grade III 

Cognition: 
immediate recall Fisher's Z 6 NA 4293 

-0.06 
(-0.10; -

0.02) 
0.004 87.7 Yes Yes Yes -0.19; 0.07 Grade III Grade IV 

Non-specific hearing 
impairment Hallucinations OR 5 NA 227406 1.40 

(1.18; 1.65) <0.001 0.0 No No Yes 1.07; 1.83 Grade I Grade II 

Mild cognitive 
impairment RR 4 NA 7524 1.30 

(1.12; 1.52) 0.001 0.0 No No No 0.93; 1.82 Grade I Grade II 

Psychotic symptoms 
in general OR 7 NA 229647 2.23 

(1.83; 2.72) <0.001 0.0 No No Yes 1.72; 2.90 Grade I Grade II 

Delirium OR 16 NA 12432 2.67 
(2.05; 3.48) <0.001 47.8 Yes Yes Yes 1.25; 5.71 Grade II Grade III 

Dementia HR 14 NA 68818 1.73 
(1.46; 2.04) <0.001 76.0 Yes Yes Yes 1.01; 2.94 Grade III Grade IV 

Alzheimer’s Disease HR 5 NA 7642 2.15 
(1.37; 3.36) 0.001 88.1 Yes Yes Yes 0.45; 10.20 Grade III Grade IV 

Psychotic disorders OR 9 NA 8794 2.79 
(1.25; 6.22) 0.012 86.3 Yes Yes No 0.18; 43.59 Grade III Grade IV 

Autism Spectrum 
Disorder RR 7 48541 NR 0.10 

(0.03; 0.26) <0.001 98.2 Yes Yes Yes 0.00; 3.00 Grade III Grade IV 

No-specific hearing loss Depression OR 15 NA 23420 1.39 
(1.11; 1.73) 0.004 90.7 Yes Yes Yes 0.57; 3.39 Grade III Grade IV 

Paediatric bilateral 
hearing loss 

 

QoL - school domain SMD 4 NA 1395 
-0.39 

(-0.59; -
0.19) 

<0.001 0.0 No No No -0.82; 0.04 Grade I Grade II 

QoL - social domain SMD 4 NA 1395 
-0.25 

(-0.48; -
0.03) 

0.027 22.2 No No No -0.94; 0.43 Grade I Grade II 

QoL - school domain SMD 3 NA 417 -0.47 <0.001 0.0 No No Yes -2.13; 1.20 Grade II Grade III 
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(-0.72; -
0.21) 

QoL - social domain SMD 3 NA 417 
-0.27 

(-0.52; -
0.01) 

0.041 0.0 No No No -1.92; 1.39 Grade II Grade III 

Abbreviations: PI=prediction interval; OR= Odds ratio; HR=hazard ratio; RR=risk ratio; SMD=Standard mean difference; WMD=weighted mean difference; QoL = Quality of life; NS= Non-significant; 
NA = not applicable 
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Table 4. Main findings of studies examining hearing impairment and disease or disease biomarkers 

Hearing impairment type Outcome Type of 
metric 

N of 
studies Cases Sample 

size 
Effect size 
(95% CI) P I2 

Small 
study 
effect 

Excess 
significance 

bias 

Largest 
study 

significant 
PI 

Level of 
evidence 

before RoB 
assessment 

Level of 
evidence 
after RoB 

assessment 

Case-control and cross-sectional studies 
Sensorineural hearing 

loss Rheumatoid arthritis OR 10 633 1249 3.42 
(2.50; 4.69) <0.001 13.0 No No Yes 1.96; 6.00 Grade I Grade II 

Sudden sensorineural 
hearing loss 

 

Diabetes OR 4 41 83 1.44 
(0.63; 3.28) 0.389 55.8 No NA Yes 0.06; 36.08 NS NS 

Hypertension OR 4 100 243 0.99 
(0.60; 1.66) 0.977 58.0 No NA No 0.13; 7.54 NS NS 

Mean platelet 
volume SMD 12 847 1560 0.16 

(-0.07; 0.39) 0.179 80.7 Yes NA No -0.69; 1.00 NS NS 

Conductive Hearing loss Rheumatoid arthritis OR 6 371 620 1.37 
(0.54; 3.5) 0.511 18.6 Yes NA No 0.20; 9.47 NS NS 

Hearing impairment Diabetes OR 15 NA 25086 2.15 
(1.72; 2.68) <0.001 76.1 Yes No Yes 0.97; 4.75 Grade III Grade IV 

Non-specific hearing 
loss 

 

Type 1 diabetes OR 4 252 505 
41.69 
(9.94; 

174.94) 
<0.001 0.0 Yes No Yes 1.79; 971.27 Grade II Grade III 

Low bone mineral 
density or 

osteoporosis 
OR 12 NA 43134 1.20 

(1.01; 1.43) 0.041 84.1 Yes No Yes 0.64; 2.26 Grade III Grade IV 

Pure tone audiometry 
differences COPD SMD 4 272 436 1.77 

(0.29; 3.24) 0.019 96.9 No No Yes -5.34; 8.87 Grade III Grade IV 

Tinnitus Temporomandibular 
disorders OR 2 NA 21245 1.80 

(1.64; 1.99) <0.001 0.0 No No Yes NA Grade I Grade II 

Prospective and/or retrospective studies 
Sensorineural hearing 

loss Rheumatoid arthritis OR 2 19389 98017 2.28 
(1.88; 2.75) <0.001 0.0 No No Yes NA Grade I Grade II 

Sudden sensorineural 
hearing loss 

improvements 
Vertigo OR 10 NA 4365 2.22 

(1.54; 3.20) <0.001 74.1 No No Yes 0.73; 6.74 Grade II Grade III 

Non-specific hearing 
loss Paediatric tinnitus OR 9 NA 26487 2.40 

(1.48; 3.88) <0.001 90.4 Yes Yes Yes 0.44; 13.07 Grade III Grade IV 

Abbreviations: PI=prediction interval; COPD= Chronic obstructive pulmonary disease; CHL= total cholesterol; LDL = low-density lipoprotein; OR= Odds ratio; SMD=Standard mean difference; NS= 
Non-significant 
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Table 5. Main findings of studies examining hearing impairment and modifiable risk factors 

Hearing impairment type Outcome Type of 
metric 

N of 
studies Cases Sample 

size 
Effect size 
(95% CI) P I2 

Small 
study 
effect 

Excess 
significance 

bias 

Largest 
study 

significant 
PI 

Level of 
evidence 

before RoB 
assessment 

Level of 
evidence 
after RoB 

assessment 

Case-control and cross-sectional studies 

Sudden sensorineural 
hearing loss 

 

Heavy alcohol 
consumption OR 2 114 5193 1.81 

(0.72; 4.56) 0.210 87.6 No NA Yes NA NS NS 

Total CHL OR 5 NA 1241 1.79 
(0.98; 3.27) 0.057 76.5 No NA Yes 0.27; 11.94 NS NS 

LDL OR 4 NA 829 1.18 
(0.67; 2.07) 0.568 48.1 No NA Yes 0.16; 8.76 NS NS 

Smoking OR 11 339 5892 1.39 
(0.96; 2.01) 0.078 69.0 Yes NA No 0.43; 4.51 NS NS 

Prospective and/or retrospective studies 

Paediatric tinnitus Noise exposure OR 3 NA 7073 11.34 
(1.87; 68.89) 0.008 97.9 No No Yes 

0.00; 
1302672998

40 
Grade II Grade III 

Noise induced hearing 
loss Smoking OR 29 286 33269 2.05 

(1.71; 2.46) <0.001 87.4 Yes Yes Yes 0.88; 4.74 Grade III Grade IV 

Sensorineural hearing 
loss 

Iron deficiency 
anaemia OR 4 NA 344080 1.55 

(1.17; 2.06) 0.002 66.9 Yes Yes Yes 0.49; 4.88 Grade III Grade IV 

Abbreviations: PI=prediction interval;; CHL= total cholesterol; LDL = low-density lipoprotein; OR= Odds ratio; NS= Non-significant 
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Supplementary Table 1: Full details of AMSTAR2 results  
Author of Meta-

Analysis 
Year of 
Meta-

Analysis 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 AMSTAR 2 
Rating 

Lin et al 2012 Yes No Yes Partial Yes Yes Yes No No No No Yes Yes No No No Yes Critically low 

Horikawa et al 2013 Yes No Yes Partial Yes Yes Yes No Yes No No Yes No Yes Yes Yes Yes Critically low 

Chang et al 2015 Yes No Yes Partial Yes Yes Yes No Partial Yes Yes No Yes Yes Yes No Yes Yes Critically low 

Roland et al 2015 Yes No No Partial Yes Yes Yes No No Yes No Yes Yes No No No Yes Critically low 

Linszen et al 2016 Yes No Yes Yes Yes Yes No Yes Partial Yes No Yes Yes No No Yes Yes Critically low 

Purcell et al 2016 Yes No Yes Partial Yes Yes Yes No Yes Partial Yes No Yes Yes Yes Yes Yes Yes Critically low 

Do et al 2017 Yes No Yes No Yes Yes No Partial Yes Yes No Yes Yes Yes Yes Yes Yes Critically low 

Wei et al 2017 Yes No Yes Partial Yes Yes Yes No Yes Yes No Yes Yes Yes Yes No Yes Critically low 

Teng et al 2017 Yes No Yes Yes Yes Yes No Yes No No Yes No No Yes Yes Yes Critically low 

Upala et al 2017 Yes Yes Yes Partial Yes Yes Yes No No Yes No Yes Yes Yes Yes Yes Yes Low 

Loughrey 2018 Yes Yes Yes Partial Yes Yes Yes No Yes Yes No Yes No No No No No Critically low 

Lee et al 2018 Yes No Yes Partial Yes Yes Yes No Partial Yes No No Yes No No No Yes Yes Critically low 

Ford et al 2018 Yes No Yes Yes Yes Yes No Yes Yes No Yes No No No No Yes Critically low 

Ji et al 2018 Yes No Yes Partial Yes Yes Yes No Partial Yes Yes No Yes No No Yes Yes Yes Critically low 

Yu et al 2018 Yes No Yes Partial Yes Yes Yes No No Yes No Yes Yes Yes Yes No No Critically low 

Bayat et al 2019 Yes No Yes Partial Yes Yes Yes No No Yes No Yes Yes No Yes Yes Yes Critically low 

Mohammed et al 2019 Yes Yes Yes Partial Yes Yes Yes No No Yes No Yes Yes No No No Yes Critically low 

Omidvar et al 2019 Yes No Yes Partial Yes Yes Yes No Partial Yes Yes No Yes Yes Yes No No Yes Critically low 

Lawrence et al 2020 Yes Yes Yes Yes Yes Yes No Yes Yes No Yes Yes No Yes Yes Yes Critically low 

Chaitidis et al 2020 Yes Yes Yes Partial Yes Yes Yes No No Yes No Yes Yes Yes Yes No Yes Critically low 

Li et al 2020 Yes No Yes Partial Yes Yes Yes No Partial Yes Yes No Yes Yes No Yes Yes Yes Critically low 

AMSTAR@ Questions:  Q1: Did the research questions and inclusion criteria for the review include the components of PICO?; Q2: Did the report of the review contain an explicit statement that the 

review methods were established prior to the conduct of the review and did the report justify any significant deviations from the protocol?; Q3: Did the review authors explain their selection of the study 

designs for inclusion in the review?; Q4: Did the review authors use a comprehensive literature search strategy?; Q5: Did the review authors perform study selection in duplicate?; Q6: Did the review 

authors perform data extraction in duplicate?; Q7: Did the review authors provide a list of excluded studies and justify the exclusions?; Q8: Did the review authors describe the included studies in 
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adequate detail?; Q9: Did the review authors use a satisfactory technique for assessing the risk of bias (RoB) in individual studies that were included in the review?; Q10: Did the review authors report 

on the sources of funding for the studies included in the review?; Q11: If meta-analysis was performed did the review authors use appropriate methods for statistical combination of results?; Q12: If 

meta-analysis was performed, did the review authors assess the potential impact of RoB in individual studies on the results of the meta-analysis or other evidence synthesis?; Q13: Did the review 

authors account for RoB in individual studies when interpreting/ discussing the results of the review?; Q14: Did the review authors provide a satisfactory explanation for, and discussion of, any 

heterogeneity observed in the results of the review?; Q15: If they performed quantitative synthesis did the review authors carry out an adequate investigation of publication bias (small study bias) and 

discuss its likely impact on the results of the review?; Q16: Did the review authors report any potential sources of conflict of interest, including any funding they received for conducting the review?
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