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Abstract

IMPORTANCE—Hearing loss in the US adult population is linked to hospitalization, poorer self-

reported health, hypertension, diabetes, and tobacco use. As iron deficiency anemia (IDA) is a 

common and easily correctable condition, further understanding the association between IDA and 

all types of hearing loss in a population of United States adults may help open new possibilities for 

early identification and appropriate treatment.

OBJECTIVE—To evaluate the association between sensorineural hearing loss (SNHL) and 

conductive hearing loss (CHL) and IDA in adults aged 21–90 years in the United States.

DESIGN—The prevalence of IDA and hearing loss (ICD-9 codes 389.1 (SNHL), 389.0 

(conductive hearing loss), and 389 (combined hearing loss)) were identified in this retrospective 

cohort study. IDA was determined by low hemoglobin and ferritin levels for age and sex. 

Associations between hearing loss and IDA were evaluated using Chi squared test. Logistic 

regression modeled the risk of hearing loss among those with IDA.

SETTING—Penn State Health Milton S. Hershey Medical Center, Hershey, PA.

PARTICIPANTS—Adults 21–90 years of age.

MAIN OUTCOME MEASURES—Hearing loss
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RESULTS—Out of 305,339 patients in the study population, there was a 1.6% (n=4,807) 

prevalence of hearing loss and 0.8% (n=2,274) prevalence of IDA. Both SNHL and presence of 

combined hearing loss was significantly associated with IDA. Logistic regression confirmed 

increased odds of SNHL (adjusted OR 1.82 [95% CI 1.18–2.66]) and combined hearing loss 

(adjusted OR 2.41 [95% CI 1.90–3.01]) among adults with IDA, after adjusting for sex.

CONCLUSIONS AND RELEVANCE—IDA was associated with SNHL and combined hearing 

loss in a population of adult patients. Further research is needed to better understand the potential 

links between IDA and hearing loss, and whether screening and treatment of IDA in adults could 

have clinical implications in patients with hearing loss.

In 2014, about 15% of adults reported difficulty hearing, with the highest prevalence among 

white men.1 Hearing loss increases with each decade of life, affecting 40–66% of adults 

older than 65 years-old and 80% of those older than 85 years-.2,3 Risk factors for earlier 

onset of adult hearing loss include hypertension, diabetes, and tobacco use.3,4 Sudden 

sensorineural hearing loss (SNHL) is characterized by a rapid deterioration in hearing 

function that occurs in less than a 72-hour period. The etiology is unknown, but a recent 

study by Chung et al. found a significant association between iron deficiency anemia (IDA) 

and sudden SNHL [OR: 1.34 (95% CI: 1.11–1.61), p<0.01], which was most prominent in 

patients under 60 years-old.5 IDA is a subset of anemia in which patients exhibit low 

hemoglobin, serum ferritin, serum iron, and increased soluble transferrin receptor. In United 

States adults, IDA is usually a result of blood loss, and usually responds well to reversal of 

the source of blood loss and oral iron supplementation.6

While the role of iron on the inner ear has not been clearly established, blood supply to this 

area is highly sensitive to ischemic damage. Sudden SNHL may have a vascular etiology 

potentially exacerbated by IDA as described in a rat model of iron deficiency and sudden 

SNHL. This study identified defects in the cochlea, including strial atrophy7 and reduced 

spiral ganglion cells with effects on the stereocilia of the inner and outer hair cells.7,8 The 

role of iron in the vasculature and nervous system raises the possibility of its association 

with other common types of adult hearing loss beyond sudden SNHL. As IDA is a common 

and reversible condition, further understanding the association between IDA and all types of 

hearing loss in a population of United States adults may open new possibilities for treatment. 

Thus, the objective of this study was to examine the association between IDA and SNHL, 

conductive hearing loss (CHL), and all hearing loss among a cohort of adult patients 21–90 

years-old. Based on previous reports with sudden SNHL and the mechanical component 

involved in CHL, the hypothesis was that IDA would demonstrate a stronger association 

with SNHL compared to CHL.

Methods

Study Population

This study was a retrospective cohort study using data obtained from de-identified electronic 

medical records from the Penn State Milton S. Hershey Medical Center in Hershey, PA. The 

study was determined to be exempt by the Pennsylvania State University College of 

Medicine Institutional Review Board. Data was extracted using the National Institutes of 
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Health-supported Informatics for Integrating Biology and the Bedside (i2b2) electronic 

medical records query tool9,10. Patients were included if they were 21–90 years of age with 

at least one outpatient, inpatient, or emergency department visit between January 1, 2011 

and October 1, 2015. Patients with sickle cell disease (identified as at least one ICD-9 code 

for 282.6) were excluded due to previous studies linking sickle cell anemia with hearing 

loss.11–17

Individuals with IDA were identified based on the presence of at least one low serum ferritin 

(<12.0 ng/dl) value and one low serum hemoglobin value between January 1, 2011 and 

October 1, 2015. Low hemoglobin values were defined in a previous National Health and 

Nutritional Examination Survey (NHANES) III study by an expert panel : males ages 21–49 

years-old <13.7 g/dl, males ages 50–69 years-old <13.3 g/dl, males ≥70 years-old <12.4 

g/dl, females ages 21–69 years old <12.0 g/dl, females ≥70 years-old <11.8 g/dl.18

Patients were identified as having hearing loss if they had at least one encounter associated 

with one of the following spectrum of ICD-9 codes: CHL 389.0, SNHL 389.1, or hearing 

loss 389. Patients meeting these criteria for hearing loss were categorized as CHL, SNHL, or 

combined hearing loss. Combined hearing loss is defined as CHL, SNHL, those with 

combined CHL and SNHL, deafness, and other unspecified hearing loss. Covariates 

included age (21–69 and ≥70 years) and sex (male and female). Hearing loss related ICD 

codes may have been added by a primary care provider, otolaryngologist, or audiologist 

following a visit with a hearing related complaint. Formal audiogram testing would not be 

required in order for a clinician to select one of these codes.

Statistical Analysis

Prevalence of IDA and hearing loss are reported. Chi squared test (two-sided) and odds 

ratios were performed via 2x2 contingency tables. Additionally, multivariate conditional 

logistic regression analysis (adjusted for sex) were performed to obtain adjusted odds ratios 

and 95% confidence intervals. All statistics were performed using R software (The R Project 

for Statistical Computing, Vienna, Austria).

Results

Demographics

Overall, a total of 305,339 individuals 21–90 years of age were identified in the study 

population. This cohort of subjects was identified as having at least one outpatient, inpatient, 

or emergency department visit at Penn State Hershey Medical Center from 2011–2016. The 

prevalence of IDA was 0.8% (n=2,274). Consistent with published data19, IDA was more 

prevalent in females (prevalence: 1.1%) compared to males (prevalence: 0.3%, p <0.001). 

The prevalence of combined hearing loss was 1.6% (n=4,807) and SNHL (0.7%) was more 

prevalent than CHL (0.2%). IDA was positively associated with both SNHL (p=0.005) and 

presence of combined hearing loss (p<0.0001) (Table 1).
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Association of IDA and Hearing Loss

After adjustment for sex, IDA remained associated with an increased odds of combined 

hearing loss, adjusted OR: 2.41 (95% CI: 1.90–3.01). Similarly, IDA was also associated 

with increased odds of SNHL (adjusted OR: 1.82 [95% CI: 1.18–2.66]) in the adjusted 

analysis (Table 2). Serum ferritin and hemoglobin are not commonly tested unless the 

diagnosis warrants it; to account for this potential underrepresentation of individuals with 

IDA, a sensitivity analysis was performed using an IDA prevalence of 3% for females and 

1% for males. Overall, similar results were seen indicating increased odds of both SNHL 

and combined hearing loss with IDA (data not shown).

Discussion

Our study demonstrates increased odds of hearing loss among adults ages 21–90 with IDA. 

These findings are consistent with another observational study in Taiwan that identified an 

association between IDA and sudden SNHL most prominently in individuals under 60 years-

old.5 Recent studies suggest several potential mechanisms by which IDA may affect hearing 

health; however, it is unknown whether early diagnosis and treatment of IDA could 

positively impact the overall health status of adults with hearing loss.

The cochlea is highly susceptible to ischemic damage since only the labyrinthine artery 

supplies blood to this area.20 IDA has been demonstrated to be a potential risk factor for 

ischemic stroke due to lower hemoglobin levels leading to impaired oxygen carrying 

capacity.21,22 Individuals with vascular disease have been shown to have higher risk for 

developing sudden SNHL.5,23–27 Another potential vascular mechanism linking IDA and 

hearing loss is the increased risk of IDA patients for reactive thrombocytosis.28,29 Iron is a 

regulator of thrombopoiesis and previous associations between blood loss and 

thrombocytosis have been established.30,31 This hypothesis is further substantiated by a case 

report which demonstrated acute SNHL in a patient with marked thrombocytosis reversed 

following plasmapheresis.32 Iron deficiency results in the degradation of lipid saturase and 

desaturase, impairing energy production, and consequently, myelin production.33 Damage to 

the myelin surrounding the auditory nerve impairs conduction velocity resulting in noise-

induced hearing loss34, possibly due changes to sodium channel density.35

This study found an association between IDA and hearing loss. IDA is easily treated with 

several months of oral iron supplementation.6 A study using the NHANES data from 1999–

2002 found that those with healthier dietary habits were able to detect higher frequency 

noises.36 Treatment of IDA will naturally improve anemia and replenish iron stores. IDA is 

associated with a large number of related morbidities (fatigue, reduced work capacity), 

which are also likely to improve with treatment.37–56 Additional studies are needed to 

determine whether there is a link between iron supplementation and hearing status.

There are limitations to this analysis which should be considered. The use of laboratory 

results (i.e., serum ferritin and hemoglobin) increased the specificity of the IDA definition 

our study but reduced the sensitivity. With the wide availability of laboratories not affiliated 

with this institution and with i2b2 unable to include data that is not internal, the prevalence 

of IDA and hearing loss in this study may be falsely reduced. A sensitivity analysis was 
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performed to address this limitation. Using an IDA prevalence of 1% for males and 3% for 

females, the same analyses were performed. The data remained significant, indicating that 

although the sensitivity of the analysis is reduced by the current analysis methods, the 

positive association between IDA and HL still remains (data not shown). Additionally, 

identifying whether iron deficiency or anemia alone is associated with hearing loss is unable 

to be accurately performed with this analysis since hemoglobin and serum ferritin are not 

commonly tested in the general population. Therefore, distinguishing between iron 

deficiency, anemia, and IDA would not be definitive.

The prevalence of hearing loss, SNHL and CHL were also lower than has been reported in 

the literature.3 An analysis using NHANES data from 2001–2008 reported a prevalence of 

3.2% (95% CI: 1.4–5.1%) of bilateral and unilateral hearing loss >25 dB among 20–29 year-

olds, increasing with each decade of life with a prevalence of 89.1% (95% CI: 86.1–92.0) for 

those ≥80 years old. In contrast, this was an observational study of health care seeking 

adults; and the results may not be generalizable to the rest of the population.57 Patients with 

hearing loss in this analysis were defined by ICD-9 code, thus there are no diagnostic values 

for comparison. There were likely instances in which hearing loss was not consistently 

coded due to human error during data entry, neglecting to include the ICD-9 code for 

hearing loss in the patients’ chart, or exclusion from the query due to billing prior to January 

2011. Similarly, adjusting for potential risk factors, such as smoking status, is unable to be 

performed in i2b2 due to non-inclusion in the database. Adjusting for other potential risk 

factors, such as diabetes and hypertension is possible with our model but the results would 

be uninterpretable due to the high collinearity between age and these confounding co-

morbidities.

Conclusions

An association exists between IDA in adults and hearing loss. Next steps are to better 

understand this correlation, and whether promptly diagnosing and treating IDA may 

positively impact the overall health status of adults with hearing loss.
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Acknowledgments

This publication was supported by Grant UL1 TR000127, KL2 TR000126, and TL1 TR000125 from the National 
Center for Advancing Translational Sciences (NCATS).

References

1. US Centers for Disease Control and Prevention. Summary Health Statistics for U.S. Adults: 
National Health Interview Survey, 2014. Vital Heal Stat. 2014; 10(260):1–171. [Accessed January 
12, 2016] http://www.cdc.gov/nchs/data/series/sr_10/sr10_260.pdf. 

2. Bagai A, Thavendiranathan P, Detsky AS. Does this patient have hearing impairment? JAMA. 2006; 
295(4):416–428. DOI: 10.1001/jama.295.4.416 [PubMed: 16434632] 

3. Lin FR, Niparko JK, Ferrucci L. Hearing loss prevalence in the United States. Arch Intern Med. 
2011; 171(20):1851–1852. DOI: 10.1001/archinternmed.2011.506 [PubMed: 22083573] 

Schieffer et al. Page 5

JAMA Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2018 January 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.cdc.gov/nchs/data/series/sr_10/sr10_260.pdf


4. Lin BM, Curhan SG, Wang M, Eavey R, Stankovic KM, Curhan GC. Hypertension, Diuretic Use, 
and Risk of Hearing Loss. Am J Med. Nov.2015 doi: 10.1016/j.amjmed.2015.11.014

5. Chung S-D, Chen P-Y, Lin H-C, Hung S-H. Sudden Sensorineural Hearing Loss Associated With 
Iron-Deficiency Anemia. JAMA Otolaryngol Neck Surg. 2014; 140(5):417.doi: 10.1001/jamaoto.
2014.75

6. Johnson-Wimbley TD, Graham DY. Diagnosis and management of iron deficiency anemia in the 
21st century. Therap Adv Gastroenterol. 2011; 4(3):177–184. DOI: 10.1177/1756283X11398736

7. Sun AH, Xiao SZ, Li BS, Li ZJ, Wang TY, Zhang YS. Iron deficiency and hearing loss. 
Experimental study in growing rats. ORL J Otorhinolaryngol Relat Spec. 1987; 49(3):118–122. 
[Accessed December 10, 2015] http://www.ncbi.nlm.nih.gov/pubmed/3614852. [PubMed: 3614852] 

8. Sun A-H, Wang Z-M, Xiao S-Z, Li Z-J, Zheng Z, Li J-Y. Sudden Sensorineural Hearing Loss 
Induced by Experimental Iron Deficiency in Rats. ORL. 1992; 54(5):246–250. DOI: 
10.1159/000276307 [PubMed: 1488246] 

9. Murphy, SN., Mendis, ME., Berkowitz, DA., Kohane, I., Chueh, HC. [Accessed July 12, 2015] 
Integration of clinical and genetic data in the i2b2 architecture; AMIA Annu Symp Proc. Jan. 2006 
p. 1040http://www.pubmedcentral.nih.gov/articlerender.fcgi?
artid=1839291&tool=pmcentrez&rendertype=abstract

10. Murphy SN, Weber G, Mendis M, et al. Serving the enterprise and beyond with informatics for 
integrating biology and the bedside (i2b2). J Am Med Inform Assoc. 17(2):124–130. DOI: 
10.1136/jamia.2009.000893

11. Koussi A, Zafeiriou DI, Kontzoglou G, Tsatra I, Noussios G, Athanassiou M. Hearing loss in 
children with sickle cell disease. Acta Otorhinolaryngol Belg. 2001; 55(3):235–239. [Accessed 
December 2, 2015] http://www.ncbi.nlm.nih.gov/pubmed/11685961. [PubMed: 11685961] 

12. Odetoyinbo O, Adekile A. Sensorineural hearing loss in children with sickle cell anemia. Ann Otol 
Rhinol Laryngol. 1987; 96(3 Pt 1):258–260. [Accessed December 2, 2015] http://
www.ncbi.nlm.nih.gov/pubmed/3605948. [PubMed: 3605948] 

13. Mgbor N, Emodi I. Sensorineural hearing loss in Nigerian children with sickle cell disease. Int J 
Pediatr Otorhinolaryngol. 2004; 68(11):1413–1416. DOI: 10.1016/j.ijporl.2004.05.009 [PubMed: 
15488973] 

14. Alabi S, Ernest K, Eletta P, Owolabi A, Afolabi A, Suleiman O. Otological findings among 
Nigerian children with sickle cell anaemia. Int J Pediatr Otorhinolaryngol. 2008; 72(5):659–663. 
DOI: 10.1016/j.ijporl.2008.01.024 [PubMed: 18336922] 

15. Samperi P, Bertuna G, Rossi G, Poli G, Serra A. Sensorineural hearing loss in sickle cell disease 
patients in Sicily. Minerva Pediatr. 2005; 57(5):285–288. [Accessed December 10, 2015] http://
www.ncbi.nlm.nih.gov/pubmed/16205613. [PubMed: 16205613] 

16. Taipale A, Pelkonen T, Bernardino L, Peltola H, Pitkäranta A. Hearing loss in Angolan children 
with sickle-cell disease. Pediatr Int. 2012; 54(6):854–857. DOI: 10.1111/j.1442-200X.
2012.03719.x [PubMed: 22924874] 

17. Saito N, Watanabe M, Liao J, et al. Clinical and radiologic findings of inner ear involvement in 
sickle cell disease. AJNR Am J Neuroradiol. 2011; 32(11):2160–2164. DOI: 10.3174/ajnr.A2720 
[PubMed: 21960497] 

18. Looker AC. Prevalence of Iron Deficiency in the United States. JAMA J Am Med Assoc. 1997; 
277(12):973.doi: 10.1001/jama.1997.03540360041028

19. Recommendations to prevent and control iron deficiency in the United States. Centers for Disease 
Control and Prevention. MMWR Recomm Rep. 1998; 47(RR-3):1–29. [Accessed November 24, 
2015] http://www.ncbi.nlm.nih.gov/pubmed/9563847. 

20. Nakashima T, Naganawa S, Sone M, et al. Disorders of cochlear blood flow. Brain Res Brain Res 
Rev. 2003; 43(1):17–28. [PubMed: 14499459] 

21. Chang Y-L, Hung S-H, Ling W, Lin H-C, Li H-C, Chung S-D. Association between ischemic 
stroke and iron-deficiency anemia: a population-based study. PLoS One. 2013; 8(12):e82952.doi: 
10.1371/journal.pone.0082952 [PubMed: 24349404] 

22. Dubyk MD, Card RT, Whiting SJ, Boyle CAJ, Zlotkin SH, Paterson PG. Iron deficiency anemia 
prevalence at first stroke or transient ischemic attack. Can J Neurol Sci. 2012; 39(2):189–195. 

Schieffer et al. Page 6

JAMA Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2018 January 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.ncbi.nlm.nih.gov/pubmed/3614852
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1839291&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1839291&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/11685961
http://www.ncbi.nlm.nih.gov/pubmed/3605948
http://www.ncbi.nlm.nih.gov/pubmed/3605948
http://www.ncbi.nlm.nih.gov/pubmed/16205613
http://www.ncbi.nlm.nih.gov/pubmed/16205613
http://www.ncbi.nlm.nih.gov/pubmed/9563847


[Accessed February 9, 2016] http://www.ncbi.nlm.nih.gov/pubmed/22343152. [PubMed: 
22343152] 

23. Capaccio P, Ottaviani F, Cuccarini V, et al. Genetic and acquired prothrombotic risk factors and 
sudden hearing loss. Laryngoscope. 2007; 117(3):547–551. DOI: 10.1097/MLG.
0b013e31802f3c6a [PubMed: 17334320] 

24. Marcucci R, Alessandrello Liotta A, Cellai AP, et al. Cardiovascular and thrombophilic risk factors 
for idiopathic sudden sensorineural hearing loss. J Thromb Haemost. 2005; 3(5):929–934. DOI: 
10.1111/j.1538-7836.2005.01310.x [PubMed: 15869586] 

25. Rudack C, Langer C, Stoll W, Rust S, Walter M. Vascular risk factors in sudden hearing loss. 
Thromb Haemost. 2006; 95(3):454–461. DOI: 10.1160/TH05-08-0554 [PubMed: 16525573] 

26. Lin RJ, Krall R, Westerberg BD, Chadha NK, Chau JK. Systematic review and meta-analysis of 
the risk factors for sudden sensorineural hearing loss in adults. Laryngoscope. 2012; 122(3):624–
635. DOI: 10.1002/lary.22480 [PubMed: 22252719] 

27. Chung JH, Lee SH, Park CW, Kim C, Park J-K, Shin J-H. Clinical significance of arterial stiffness 
in idiopathic sudden sensorineural hearing loss. Laryngoscope. Jan.2016 doi: 10.1002/lary.25853

28. Kuku I, Kaya E, Yologlu S, Gokdeniz R, Baydin A. Platelet counts in adults with iron deficiency 
anemia. Platelets. 2009; 20(6):401–405. DOI: 10.1080/09537100903137306 [PubMed: 19658005] 

29. Franchini M, Targher G, Montagnana M, Lippi G. Iron and thrombosis. Ann Hematol. 2008; 87(3):
167–173. DOI: 10.1007/s00277-007-0416-1 [PubMed: 18066546] 

30. Karpatkin S, Garg SK, Freedman ML. Role of iron as a regulator of thrombopoiesis. Am J Med. 
1974; 57(4):521–525. [Accessed February 9, 2016] http://www.ncbi.nlm.nih.gov/pubmed/
4611205. [PubMed: 4611205] 

31. Beguin Y. Erythropoietin and platelet production. Haematologica. 1999; 84(6):541–547. [Accessed 
February 9, 2016] http://www.ncbi.nlm.nih.gov/pubmed/10366799. [PubMed: 10366799] 

32. Grisell DL, Mills GM. Reversible acute sensorineural hearing loss associated with essential 
thrombocytosis. Arch Intern Med. 1986; 146(9):1813. [Accessed February 9, 2016] http://
www.ncbi.nlm.nih.gov/pubmed/3753122. [PubMed: 3753122] 

33. Todorich B, Pasquini JM, Garcia CI, Paez PM, Connor JR. Oligodendrocytes and myelination: the 
role of iron. Glia. 2009; 57(5):467–478. DOI: 10.1002/glia.20784 [PubMed: 18837051] 

34. Tagoe T, Barker M, Jones A, Allcock N, Hamann M. Auditory nerve perinodal dysmyelination in 
noise-induced hearing loss. J Neurosci. 2014; 34(7):2684–2688. DOI: 10.1523/JNEUROSCI.
3977-13.2014 [PubMed: 24523557] 

35. Brown AM, Hamann M. Computational modeling of the effects of auditory nerve dysmyelination. 
Front Neuroanat. 2014; 8:73.doi: 10.3389/fnana.2014.00073 [PubMed: 25136296] 

36. Spankovich C, Le Prell CG. Associations between dietary quality, noise, and hearing: data from the 
National Health and Nutrition Examination Survey, 1999–2002. Int J Audiol. 2014; 53(11):796–
809. DOI: 10.3109/14992027.2014.921340 [PubMed: 24975234] 

37. Genther DJ, Frick KD, Chen D, Betz J, Lin FR. Association of hearing loss with hospitalization 
and burden of disease in older adults. JAMA. 2013; 309(22):2322–2324. DOI: 10.1001/jama.
2013.5912 [PubMed: 23757078] 

38. Dalton DS, Cruickshanks KJ, Klein BEK, Klein R, Wiley TL, Nondahl DM. The impact of hearing 
loss on quality of life in older adults. Gerontologist. 2003; 43(5):661–668. [Accessed January 28, 
2016] http://www.ncbi.nlm.nih.gov/pubmed/14570962. [PubMed: 14570962] 

39. Mulrow CD, Tuley MR, Aguilar C. Sustained benefits of hearing aids. J Speech Hear Res. 1992; 
35(6):1402–1405. [Accessed January 28, 2016] http://www.ncbi.nlm.nih.gov/pubmed/1494282. 
[PubMed: 1494282] 

40. Mener DJ, Betz J, Genther DJ, Chen D, Lin FR. Hearing loss and depression in older adults. J Am 
Geriatr Soc. 2013; 61(9):1627–1629. DOI: 10.1111/jgs.12429 [PubMed: 24028365] 

41. Chen DS, Betz J, Yaffe K, et al. Association of hearing impairment with declines in physical 
functioning and the risk of disability in older adults. J Gerontol A Biol Sci Med Sci. 2015; 70(5):
654–661. DOI: 10.1093/gerona/glu207 [PubMed: 25477427] 

42. Gispen FE, Chen DS, Genther DJ, Lin FR. Association between hearing impairment and lower 
levels of physical activity in older adults. J Am Geriatr Soc. 2014; 62(8):1427–1433. DOI: 
10.1111/jgs.12938 [PubMed: 25041032] 

Schieffer et al. Page 7

JAMA Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2018 January 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.ncbi.nlm.nih.gov/pubmed/22343152
http://www.ncbi.nlm.nih.gov/pubmed/4611205
http://www.ncbi.nlm.nih.gov/pubmed/4611205
http://www.ncbi.nlm.nih.gov/pubmed/10366799
http://www.ncbi.nlm.nih.gov/pubmed/3753122
http://www.ncbi.nlm.nih.gov/pubmed/3753122
http://www.ncbi.nlm.nih.gov/pubmed/14570962
http://www.ncbi.nlm.nih.gov/pubmed/1494282


43. Genther DJ, Betz J, Pratt S, et al. Association of hearing impairment and mortality in older adults. J 
Gerontol A Biol Sci Med Sci. 2015; 70(1):85–90. DOI: 10.1093/gerona/glu094 [PubMed: 
25024235] 

44. Kamil RJ, Li L, Lin FR. Association between hearing impairment and frailty in older adults. J Am 
Geriatr Soc. 2014; 62(6):1186–1188. DOI: 10.1111/jgs.12860 [PubMed: 24925554] 

45. Chen DS, Genther DJ, Betz J, Lin FR. Association between hearing impairment and self-reported 
difficulty in physical functioning. J Am Geriatr Soc. 2014; 62(5):850–856. DOI: 10.1111/jgs.
12800 [PubMed: 24779559] 

46. Mick P, Kawachi I, Lin FR. The association between hearing loss and social isolation in older 
adults. Otolaryngol Head Neck Surg. 2014; 150(3):378–384. DOI: 10.1177/0194599813518021 
[PubMed: 24384545] 

47. Lin FR, Yaffe K, Xia J, et al. Hearing loss and cognitive decline in older adults. JAMA Intern Med. 
2013; 173(4):293–299. DOI: 10.1001/jamainternmed.2013.1868 [PubMed: 23337978] 

48. Lin FR. Hearing loss and cognition among older adults in the United States. J Gerontol A Biol Sci 
Med Sci. 2011; 66(10):1131–1136. DOI: 10.1093/gerona/glr115 [PubMed: 21768501] 

49. Sung Y-K, Li L, Blake C, Betz J, Lin FR. Association of Hearing Loss and Loneliness in Older 
Adults. J Aging Health. Nov.2015 doi: 10.1177/0898264315614570

50. Gates GA, Cobb JL, Linn RT, Rees T, Wolf PA, D’Agostino RB. Central auditory dysfunction, 
cognitive dysfunction, and dementia in older people. Arch Otolaryngol Head Neck Surg. 1996; 
122(2):161–167. [Accessed January 12, 2016] http://www.ncbi.nlm.nih.gov/pubmed/8630210. 
[PubMed: 8630210] 

51. Mulrow CD, Aguilar C, Endicott JE, et al. Quality-of-life changes and hearing impairment. A 
randomized trial. Ann Intern Med. 1990; 113(3):188–194. [Accessed January 28, 2016] http://
www.ncbi.nlm.nih.gov/pubmed/2197909. [PubMed: 2197909] 

52. Contrera KJ, Betz J, Li L, et al. Quality of life after intervention with a cochlear implant or hearing 
aid. Laryngoscope. Jan.2016 doi: 10.1002/lary.25848

53. Yueh B, Souza PE, McDowell JA, et al. Randomized trial of amplification strategies. Arch 
Otolaryngol Head Neck Surg. 2001; 127(10):1197–1204. [Accessed January 28, 2016] http://
www.ncbi.nlm.nih.gov/pubmed/11587599. [PubMed: 11587599] 

54. Acar B, Yurekli MF, Babademez MA, Karabulut H, Karasen RM. Effects of hearing aids on 
cognitive functions and depressive signs in elderly people. Arch Gerontol Geriatr. 2011; 52(3):
250–252. DOI: 10.1016/j.archger.2010.04.013 [PubMed: 20472312] 

55. Chisolm TH, Johnson CE, Danhauer JL, et al. A systematic review of health-related quality of life 
and hearing aids: final report of the American Academy of Audiology Task Force On the Health-
Related Quality of Life Benefits of Amplification in Adults. J Am Acad Audiol. 2007; 18(2):151–
183. [Accessed January 12, 2016] http://www.ncbi.nlm.nih.gov/pubmed/17402301. [PubMed: 
17402301] 

56. Tsakiropoulou E, Konstantinidis I, Vital I, Konstantinidou S, Kotsani A. Hearing aids: quality of 
life and socio-economic aspects. Hippokratia. 2007; 11(4):183–186. [Accessed January 12, 2016] 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?
artid=2552981&tool=pmcentrez&rendertype=abstract. [PubMed: 19582191] 

57. Yueh B, Shapiro N, MacLean CH, Shekelle PG. Screening and management of adult hearing loss 
in primary care: scientific review. JAMA. 2003; 289(15):1976–1985. DOI: 10.1001/jama.
289.15.1976 [PubMed: 12697801] 

Schieffer et al. Page 8

JAMA Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2018 January 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.ncbi.nlm.nih.gov/pubmed/8630210
http://www.ncbi.nlm.nih.gov/pubmed/2197909
http://www.ncbi.nlm.nih.gov/pubmed/2197909
http://www.ncbi.nlm.nih.gov/pubmed/11587599
http://www.ncbi.nlm.nih.gov/pubmed/11587599
http://www.ncbi.nlm.nih.gov/pubmed/17402301
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2552981&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2552981&tool=pmcentrez&rendertype=abstract


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Schieffer et al. Page 9

Ta
b

le
 1

D
em

og
ra

ph
ic

s 
(n

=
30

5,
33

9)

C
ha

ra
ct

er
is

ti
cs

To
ta

l
n

N
o 

H
L

n 
(%

)
C

om
bi

ne
d 

H
L

n.
 (

%
)

C
om

bi
ne

d 
H

L
p-

va
lu

e
SN

H
L

n 
(%

)
SN

H
L

p-
va

lu
e

C
H

L
n 

(%
)

C
H

L
p-

va
lu

e

To
ta

l n
30

5,
33

9
30

0,
53

2 
(9

8.
4%

)
4,

80
7 

(1
.6

%
)

2,
01

9 
(0

.7
%

)
49

2 
(0

.2
%

)

A
ge

  2
1–

69
25

2,
22

8
24

8,
90

2 
(9

8.
7%

)
3,

32
6 

(1
.3

%
)

<
0.

00
1

1,
30

9 
(0

.5
%

)
<

0.
00

1
39

6 
(0

.2
%

)
0.

19
0

  7
0–

90
53

,1
11

51
,6

30
 (

97
.2

%
)

1,
48

1 
(2

.8
%

)
70

8 
(1

.3
%

)
96

 (
0.

2%
)

Se
x

  M
al

es
13

2,
55

1
13

0,
24

0 
(9

8.
2%

)
2,

31
1 

(1
.7

%
)

<
0.

00
1

1,
00

0 
(0

.7
%

)
<

0.
00

1
23

4 
(0

.2
%

)
0.

06
5

  F
em

al
es

17
2,

78
8

17
0,

28
9 

(9
8.

6%
)

2,
49

9 
(1

.4
%

)
1,

01
7 

(0
.6

%
)

25
8 

(0
.1

%
)

Ir
on

 D
ef

ic
ie

nc
y 

A
ne

m
ia

 S
ta

tu
s

  I
D

A
2,

27
4

2,
19

7 
(9

6.
6%

)
77

 (
3.

4%
)

<
0.

00
1

26
 (

1.
1%

)
0.

00
5

5 
(0

.2
%

)
0.

63
3

  N
o 

ID
A

30
3,

06
5

29
8,

33
5 

(9
8.

4%
)

4,
73

0 
(1

.6
%

)
1,

99
3 

(0
.7

%
)

48
7 

(0
.2

%
)

P 
va

lu
e 

ca
lc

ul
at

ed
 b

y 
tw

o-
ta

ile
d 

ch
i s

qu
ar

ed
 te

st
 f

or
 e

ac
h 

he
ar

in
g 

lo
ss

 g
ro

up
 c

om
pa

re
d 

to
 th

e 
no

 h
ea

ri
ng

 lo
ss

 g
ro

up
.

H
L

, h
ea

ri
ng

 lo
ss

; S
N

H
L

, s
en

so
ri

ne
ur

al
 h

ea
ri

ng
 lo

ss
; C

H
L

 c
on

du
ct

iv
e 

he
ar

in
g 

lo
ss

; I
D

A
, i

ro
n 

de
fi

ci
en

cy
 a

ne
m

ia

JAMA Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2018 January 29.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Schieffer et al. Page 10

Table 2

Logistic regression to assess the association between iron deficiency anemia1 and hearing loss

Sensorineural Hearing Loss Conductive Hearing Loss Any Hearing Loss

Iron Deficiency Anemia2 1.82 (1.18–2.66) 1.51 (0.54–3.28) 2.41 (1.90–3.01)

Age 1.04 (1.03–1.04) 1.00 (0.99–1.01) 1.03 (1.02–1.03)

Sex 1.28 (1.18–1.40) 1.18 (0.99–1.41) 1.21 (1.14–1.28)

1
Iron deficiency anemia defined by serum ferritin <12 ng/ml and hemoglobin based on gender and age: males ages 21–49 years-old <13.7 g/dl; 

males ages 50–69 years-old <13.3 g/dl; males ≥70 years-old <12.4 g/dl; females ages 21–69 years-old <12.0 g/dl; females ≥70 years-old <11.8 g/dl

2
Analysis was adjusted for sex
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