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aid users
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Hearing loss affects some nutrient intake. Disabling hearing loss may exacerbate these issues.

We aimed to evaluate nutrient intake and assess deficiencies based on functional hearing status.
The study included 6907 participants with information on demographic factors, nutrient intake,
weight, height, disease status, and hearing level in the eighth Korea National Health and Nutrition
Examination Survey, conducted from 2019 to 2021. We categorized the participants into 3 groups
based on their functional hearing status: bilateral hearing, unilateral hearing, and disabling hearing
loss. The disabling hearing loss group showed lower intake of most major nutrients (P <0.05), dietary
fiber (P <0.001), and most minerals and vitamins (P < 0.05), with some insufficiencies. The unilateral
hearing group showed lower intake only for potassium (P=0.036) compared to the bilateral hearing
group and significantly higher intake of hydration (P=0.039), dietary fiber (P=0.039), and calcium
(P=0.009) than the disabling hearing loss group. Nutrient insufficiency in the disabling hearing loss
group was more prominent in women, and was partially resolved by using hearing aids. Clinicians and
nutritionists should consider undernourishment in these patients, and appropriate interventions for
nutrition and hearing aids should be recommended.
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Hearing loss in middle-aged and older adults is a significant problem for their physical and mental health!?.
Martinez-Amezcua and Powell et al. have demonstrated that hearing loss is significantly associated with poor
physical health>. Moreover, Lin and Ferrucci have reported a relationship between hearing loss and the rate
of falls’. Furthermore, some studies have found significantly higher mortality in patients with hearing loss**.
Hearing loss also affects mental health, leading to issues such as anxiety and depression®”.

Additionally, hearing status may influence food and nutrient intake®®. Some studies have linked hearing loss
to a reduced intake of essential nutrients, including vitamins, zinc, magnesium, and omega-3 fatty acids’*.
Jung et al.” conducted a systematic analysis of the association between hearing loss and nutrient intake. Their
research indicated that previous studies had identified associations between hearing loss and the intake of certain
nutrients’. These associations may be due to inadequate antioxidant intake, which can induce hearing-related
issues, or to the impaired physical activity and mental health of individuals with hearing problems®”'3-°. How-
ever, these earlier studies simply reported lower consumption of specific nutrients, including vitamins, n-3 fatty
acids, magnesium, and zinc, in individuals with hearing loss®**"?2. Additionally, these studies often character-
ized the nutrients linked to hearing loss as risk factors, or they restricted their analysis to cases of mild hearing
loss®*21:22, Moreover, these studies used different definitions of hearing loss. One defined it as a bilateral mean
hearing level exceeding 40 dB'°, while another considered a unilateral hearing level above 25 dB as indicative of
hearing loss.!> Moreover, most research in this area has been based on the average hearing thresholds of both
ears or has only taken into account the hearing levels of the better ear®222,
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Hearing loss is categorized into various degrees according to its severity. A diagnosis is made when a person’s
hearing threshold exceeds 25 dB***, Individuals with mild hearing loss can generally hear well enough to engage
in conversation and participate in social activities®. Therefore, hearing aids are often recommended for indi-
viduals whose hearing loss is greater than 40 dB*?>. However, hearing aids are not typically used for unilateral
hearing loss, as they can be uncomfortable or the benefits may not be perceived as significant?**. Although
individuals with unilateral functional hearing may experience some difficulties compared to those with normal
hearing, these issues are not as profound as those encountered by individuals with disabling hearing loss?. In
contrast, individuals with bilateral moderate hearing loss often face significant challenges in communication
and usually rely on hearing aids?.

Consequently, disabling hearing loss is associated with stronger physical and psychological effects®. Since
hearing loss is associated with the intake of some nutrients, disabling hearing loss may exacerbate these issues
to a greater extent than mild or unilateral hearing loss. The objective of this study was to evaluate nutritional
intake in relation to the hearing status of each ear, categorized as either functional or non-functional. Our aim
was to assess the nutritional status, taking into account gender differences, among individuals with functional
hearing in one or both ears compared to those without, using the 2020 Dietary Reference Intakes for Koreans
(KDRI) as a reference®.

Materials and methods

Subjects and data extraction

We extracted data on participants in the eighth Korea National Health and Nutrition Examination Survey
(KNHANES), which was conducted from 2019 to 2021. The survey comprised 22,559 participants. These par-
ticipants were selected using two-stage stratification and random sampling methods to prevent selection bias.
Of these, 9795 individuals who had undergone pure tone audiometry were selected. Audiometry was performed
exclusively on individuals over 40 years old in the eighth KNHANES, considering the prevalence of hearing loss,
which sharply increases with age, particularly in individuals aged over 40°!. Therefore, only middle-aged and
older adults were included in our study. Subsequently, we narrowed down the cohort to those with normal tym-
panic membranes and complete data on gender, age, economic status, education level, height, weight, nutritional
intake, and medical history, specifically regarding hypertension, dyslipidemia, stroke, coronary artery disease,
diabetes mellitus, major depressive disorder, otitis media, chronic kidney disease, gout, and liver cirrhosis. The
information on nutritional intake was collected by the investigators, who visited households and evaluated food
intake based on participants’ recall for the 24 h preceding the survey. Ultimately, 6907 participants met the criteria
and were included in this study (Fig. 1). All methods used in the eighth KNHANES survey and our study were
carried out in accordance with the relevant guidelines and regulations, and our study was conducted based on
the STROBE statement. The eighth KNHANES survey was conducted after obtaining informed consent from
all participants and receiving approval from the Institutional Review Board (IRB No. 2018-01-03-C-A, 2018-
01-03-2C-A, 2018-01-03-5C-A).

Classification of the participants according to their hearing status

Disabling hearing loss is characterized by a hearing loss greater than 40 dB in the better ear. The term “functional
hearing” refers to a hearing level below 40 dB, differentiating it from disabling hearing loss. Participants were
categorized into three groups according to their functional hearing status: the bilateral hearing group, which
had bilateral hearing levels below 40 dB; the unilateral hearing group, which had functional hearing in one ear
and more than moderate hearing loss (> 40dB) in the other; and the disabling hearing loss group, which had a
bilateral hearing loss exceeding 40 dB.

Nutritional status evaluation

We utilized the KDRI as the benchmark for determining insufficient intake of each nutrient. The KDRI provides
guidelines for the estimated average requirement (EAR), recommended dietary allowance (RDA), and adequate
intake (AI). We assessed the insufficiency of nutrient intake against these references.

Subgroup analysis of differences in nutrient intake based on the use of hearing aids

Since hearing loss patients typically use hearing aids when their hearing level is around 50 dB, and patients
with hearing thresholds below 50 dB usually exhibit a tendency to refuse the use of hearing aids,*>** we selected
patients with hearing loss greater than 50 dB. Subsequently, we included patients with information about hearing
aid use, excluding the three patients who had undergone cochlear implantation (Fig. 1).

Statistical analysis

Analysis of variance and the chi-square test were utilized to compare demographic and socioeconomic factors, as
well as the prevalence of medical history, across the study groups. Following this, multivariate analysis of covari-
ance (MANCOVA) was conducted to determine the adjusted average and standard error, taking into account
variables such as gender, age, weight, height, and medical history. The MANCOVA calculations were also carried
out separately for male and female participants. The adjusted mean and standard error for each group, along
with the KDRI values, were subsequently normalized by dividing them by the adjusted mean value for the total
cohort. This normalization process was designed to evaluate nutritional insufficiency by creating a ratio that
reflects the average intake relative to that of the entire study population. All statistical analyses were performed
using IBM SPSS Statistics 25.0 (IBM Corp., Armonk, N.Y., USA).
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Individuals with disabling
hearing loss
(disabling hearing loss group)
N =504

Individuals with hearing levels equal
to or less than 50 dB in both ears or
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N =326

Individuals with hearing
level over 50 dB in both ear
and wearing hearing aids

Individuals with hearing
level over 50 dB in both ear
and not wearing hearing aids

(non-hearing aid user)
N=121

(hearing aid user)
N=57

Figure 1. A flow chart of subject selection for the analysis of the association between hearing loss and
nutritional intake (depicted in red) and between hearing aid usage and nutritional intake (depicted in blue).
KNHANES, Korea National Health and Nutrition Examination Survey; N, number of participants; CI, cochlear
implant.

Results
Demographics, socioeconomic status, physical examination results, and medical history of
each group
There were 5854, 549, and 504 participants in the bilateral hearing group, unilateral hearing group, and disabling
group, respectively (Fig. 1).

Age, gender, household income, education level, weight, and height differed significantly among the groups.
Furthermore, the prevalence rates of hypertension, dyslipidemia, stroke, coronary artery disease, diabetes mel-
litus, and previous history of otitis media also showed significant differences across the groups (Table 1).

Nutritional intake differences among the groups

In an age- and gender-adjusted analysis, significant differences were observed among the groups in their intake
of energy, hydration, protein, polyunsaturated fatty acids, omega-3 fatty acids, omega-6 fatty acids, cholesterol,
carbohydrates, total dietary fiber (TDF), sugar, calcium, phosphate, potassium, magnesium, iron, zinc, vitamin
A, vitamin D, vitamin E, carotene, thiamine, riboflavin, niacin, folate, and vitamin C. The results of the post-hoc
tests are presented in Fig. 2.

After adjusting for age, gender, household income, educational status, height, weight, hypertension, dys-
lipidemia, stroke, coronary artery disease, diabetes mellitus, and previous history of otitis media, significant
differences were observed in the intake of energy, hydration, protein, carbohydrates, TDF, sugar, calcium, phos-
phate, potassium, magnesium, iron, vitamin A, vitamin D, vitamin E, beta-carotene, thiamine, riboflavin, niacin,
folate, and vitamin C among the groups. Post-hoc analysis revealed that all nutrient intake levels that differed
significantly between groups were lower in the disabling hearing loss group compared to the bilateral hearing
loss group. The unilateral hearing loss group had lower potassium intake than the bilateral hearing loss group.
Additionally, the unilateral hearing loss group had significantly higher intake of hydration, TDEF, and calcium
compared to the disabling hearing loss group, as shown in Fig. 3A.
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Bilateral hearing group Unilateral hearing group Disabling hearing loss group

(N'=5854) (N=549) (N=504) P-value
Age 57.5+10.9 68.5+9.5 73.1x7.7 <0.001
Gender (male:female) 2327:3527 295:254 283:221 <0.001
Household income (quintile) 33+14 25+1.3 2.1+12 <0.001
Education level (lower than high school) 29.7% (1737/5854) 59.0% (324/549) 69.8% (352/504) <0.001
Height 162.2+8.8 160.7+9.0 160.0+£9.3 <0.001
Weight 64.0+11.9 63.1+11.2 61.4+10.8 <0.001
Hypertension 29.6% (1732/5854) 48.1% (264/549) 57.9% (292/504) <0.001
Dyslipidemia 28.6% (1676/5854) 39.2% (215/549) 33.9% (171/504) <0.001
Stroke 2.5% (144/5854) 5.3% (29/549) 8.5% (43/504) <0.001
Coronary artery disease 3.7% (216/5854) 6.9% (38/549) 7.3% (37/504) <0.001
Diabetes mellitus 12.1% (706/5854) 23.0% (126/549) 27.2% (137/504) <0.001
Major depressive disorder 5.5% (322/5854) 5.5% (30/549) 6.7% (34/504) 0.501
Otitis media (past medical history) 3.2% (186/5854) 6.6% (36/549) 5.4% (27/504) <0.001
Chronic kidney disease 1.6% (95/5854) 2.2% (12/549) 3.0% (15/504) 0.064
Gout 2.5% (146/5854) 1.8% (10/549) 2.8% (14/504) 0.204
Liver cirrhosis 0.4% (23/5854) 0.7% (4/549) 0.4% (2/504) 0.507

Table 1. Demographic factors, socioeconomic factors, height, weight, and medical history of each group.
Significant values are in [bold].
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Figure 2. The age- and gender-adjusted nutrient intake of each group. MNI, mean nutrient intake; SFA;
saturated fatty acid, MUFA; monounsaturated fatty acid, PUFA; polyunsaturated fatty acid, n-3-FA; n-3
polyunsaturated fatty acid, n-6 FA, N-6 polyunsaturated fatty acid; TDF, total dietary fiber; Vit, vitamin;
*statistically meaningful difference between the bilateral hearing group and the disabling hearing loss group; *,
P<0.05; %%, P<0.01; ***, P<0.001; $, statistically meaningful difference between the bilateral hearing group and
the unilateral hearing group; $, P<0.05; $$, P<0.01; $$$, P<0.001; #, statistically meaningful difference between
the unilateral hearing group and the disabling hearing loss group; #, P<0.05; ##, P<0.01; ###, P<0.001.

Differences in nutrient intake among the groups of male participants

A subgroup analysis was conducted for the male population. After adjusting for other factors, we observed dif-
ferences in nutrient intake between the groups, which included hydration, carbohydrates, TDE, calcium, and
potassium. The intake levels of all these nutrients were greater in the bilateral hearing group compared to the
disabling hearing loss group except for potassium. No differences in nutrient intake were noted between the
bilateral and unilateral hearing groups (Fig. 3B).

Differences in nutrient intake among the groups of female participants

In female participants, the consumption of energy, hydration, protein, omega-3 fatty acids, TDF, sugar, calcium,
phosphate, potassium, magnesium, iron, zinc, vitamin E, carotene, thiamine, riboflavin, niacin, folate, and vita-
min C differed significantly among the groups after adjusting for other factors. In the post-hoc analysis, the
bilateral hearing group showed higher nutrient intake compared to the disabling hearing loss group, with the
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Figure 3. The nutrient intake of each group for total (A), male (B), and female (C) participants and the dietary
reference intake values for male (B) and female (C) populations after controlling other factors. MNI, mean
nutrient intake; EAR, estimated average requirement; RDI, recommended daily intake; AI, adequate intake;
SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; n-3-FA, n-3
polyunsaturated fatty acid; n-6 FA, N-6 polyunsaturated fatty acid; TDE, total dietary fiber; Vit, vitamin; *
statistically meaningful difference between the bilateral hearing group and the disabling hearing loss group; *,
P<0.05; **, P<0.01; ***, P<0.001; $, statistically meaningful difference between the bilateral hearing group and
the unilateral hearing group; $, P<0.05; $$, P<0.01; $$3, P<0.001; #, statistically meaningful difference between
the unilateral hearing group and the disabling hearing group; #, P<0.05; ##, P<0.01; ###, P<0.001.
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exception of energy. The intake of hydration, omega-3 fatty acids, magnesium, iron, zinc, thiamine, and folate
was also notably lower in the disabling hearing loss group compared to the unilateral hearing group. No signifi-
cant differences were observed in nutrient intake between the bilateral and unilateral hearing groups (Fig. 3C).

Nutrient status

Male participants

The calcium, vitamin A, and vitamin C intake of all groups of male participants did not meet the EAR (Fig. 3B).
Additionally, all groups showed insufficient intake of magnesium, niacin, and folate based on the RDI (Fig. 3B).
Moreover, the intake of hydration, potassium, vitamin D, and vitamin E was lower than the Al in all groups. The
TDF intake was lower than the Al in the unilateral hearing group and the disabling hearing loss group (Fig. 3B).

Female participants

All groups of female participants showed insufficient intake of energy, calcium, vitamin A, niacin, folate, and
vitamin C based on the EAR. Additionally, the disabling hearing loss group exhibited insufficient thiamine
intake based on this criterion (Fig. 3C). Potassium and thiamine intake was also lower than the RDI values in all
groups. Furthermore, the disabling hearing loss group showed deficient magnesium, iron, zinc, and riboflavin
intake based on the RDI (Fig. 3C). Additionally, hydration, vitamin D, and vitamin E intake did not meet the
Al in all groups (Fig. 3C).

Differences in nutrient intake based on the use of hearing aids

There were 57 hearing aid users and 121 non-hearing aid users (Fig. 1). Among the analyzed factors—namely,
age, gender, household income, education level, weight, height, medical history, and bilateral mean hearing level
calculated by averaging the pure tone audiometry at 0.5 kHz, 1 kHz, 2 kHz, and 4 kHz— the educational level
(P=0.012) and mean hearing level (P=0.001) exhibited statistically significant differences between the hearing
aid users and non-users.

The hearing aid users also showed significantly higher intake of energy (P=0.002), hydration (P=0.013),
protein (P=0.01), fat (P=0.01), saturated fatty acids (P=0.047), monounsaturated fatty acids (P=0.023), poly-
unsaturated fatty acids (P=0.015), omega-6 fatty acids (P=0.027), carbohydrates (P=0.005), TDF (P=0.024),
sugar (P=0.004), phosphate (P=0.03), potassium (P=0.031), and niacin (P=0.007) (Fig. 4A).

After adjusting for the education level and mean hearing level, hearing aid users exhibited higher intake of
energy (P=0.01), hydration (P=0.021), protein (P=0.032), carbohydrates (P=0.01), TDF (P=0.014), sugar
(P=0.006), phosphate (P=0.041), potassium (P=0.043), and niacin (P=0.03) (Fig. 4B).

Discussion

Hearing loss is associated with a range of functions and health conditions, including physical and mental health,
nutritional intake, and economic status*-6%%212234-37 ‘We categorized individuals by their functional hearing
status to assess differences in nutritional intake across these groups. Our findings showed that varied aspects of
nutritional intake were correlated with the degree of disabling hearing loss. Specifically, the quantity of nutrient
consumption decreased progressively with worsening functional hearing status in middle-aged and older adults,
even after adjusting for other variables. Nutrient intake levels, including hydration, protein, carbohydrates, TDE,
sugar, calcium, phosphate, potassium, magnesium, iron, vitamin A, vitamin D, vitamin E, the vitamin B complex,
and vitamin C, were notably lower in the group with disabling hearing loss compared to those with bilateral
hearing, as determined by multivariable analysis. Furthermore, nutritional deficiencies were more pronounced
among women with disabling hearing loss. The group with unilateral hearing loss had higher consumption of
some nutrients compared to those with disabling hearing loss and exhibited certain differences from the bilat-
eral hearing group in age- and gender-adjusted analysis. However, these differences in nutrient intake were not
statistically significant in the unilateral hearing group relative to the bilateral hearing group after adjusting for
additional factors.

Moreover, the intake of hydration, calcium, potassium, magnesium, vitamin A, vitamin D, vitamin E, niacin,
folate, and vitamin C did not meet the KDRI in all male groups. Additionally, the TDF intake was below the
KDRI recommendations for both the unilateral hearing loss group and the disabling hearing loss group. Female
participants also demonstrated inadequate intakes of energy, hydration, calcium, vitamin A, vitamin D, vitamin
E, thiamine, niacin, folate, and vitamin C according to the KDRI. Moreover, women with disabling hearing loss
had insufficient intake of magnesium, iron, zinc, thiamine, and riboflavin, according to the KDRI guidelines.
The prevalence of nutrient insufficiency was significantly higher in the groups with disabling hearing loss for
both men and women. Consequently, individuals in the disabling hearing loss group were at an increased risk
of nutritional deficiencies, including hydration, energy, and various essential minerals and vitamins.

There were no significant differences in the intake of most nutrients between the bilateral hearing group and
the unilateral hearing group upon multivariable analysis. Potassium, which did show variations between the two
groups, was found to be consumed in lower level than AI by both. The other nutrient deficiencies observed in
the unilateral hearing group, compared to the bilateral functional group, were for TDF and calcium, according
to the KDRI. Nonetheless, the differences in intake levels between the bilateral and unilateral hearing groups
were not statistically significant. Consequently, the unilateral hearing group demonstrated a slightly insufficient
nutrient status, akin to that of the bilateral hearing group. The reason for the less meaningful association between
unilateral hearing and nutritional intake is the slight degree of functional loss in the unilateral hearing group.
Although individuals with unilateral functional hearing may experience some functional loss compared to
those with normal hearing, these issues are not as profound as those encountered by individuals with disabling
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Nutritional intake according to the hearing aids application
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Figure 4. The nutrient intake of hearing aid users and non-users in univariable (A) and multivariable analysis
(B). MNI, mean nutrient intake; HA, hearing aids; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid;
PUFA, polyunsaturated fatty acid; n-3-FA, n-3 polyunsaturated fatty acid; n-6 FA, N-6 polyunsaturated fatty
acid; TDE total dietary fiber; Vit, vitamin; * statistically meaningful difference between the hearing aids user and
the non-hearing aid user; ¥, P<0.05; **, P<0.01; ***, P<0.001.

hearing loss**?°. In contrast, the disabling hearing loss group exhibited significant differences in the intake of
many nutrients, with some levels falling below the recommended thresholds.

Energy deficiency can induce low lean mass®. Inadequate hydration has been linked to metabolic impairment,
degenerative diseases, decreased kidney function, impaired skin barrier function, and cognitive impairment™®.
Since calcium is a key factor for osteogenesis, calcium metabolism, and preventing osteoporosis, sufficient cal-
cium intake is necessary for middle-aged and older adults*’. Additionally, calcium deficiency has been associ-
ated with age-related diseases such as atherosclerosis, neurodegenerative diseases, degenerative arthritis, and
malignancy*’. Magnesium is the second most common intracellular cation, and it is essential for energy produc-
tion and nucleic acid synthesis*!. It has also been linked to various symptoms and diseases, including asthma,
osteoporosis, migraine, metabolic syndrome, and muscle cramps*!. Iron plays a pivotal role in hematopoiesis and
is important in preventing anemia*?. Zinc is crucial for growth and reproduction,30 and is necessary for numer-
ous physiological processes. Deficiency in zinc can lead to dermatitis, impaired growth, and an increased risk of
infection'. Vitamin A is important for eye function and the immune system*~*. Deficiency in vitamin A can
manifest as eye signs such as night blindness, conjunctival xerosis, corneal xerosis, and eye ulcers**¢. Vitamin
D is very important for preventing rickets, osteoporosis, and neurodegenerative diseases?’~*°. Vitamin E acts
as an antioxidant, scavenging reactive oxygen species, and plays a role in immunomodulation®. Its deficiency
has been linked to infections and growth problems®!. The vitamin B complex is associated with megaloblastic
anemia, physical function, and central nervous system functions, including cognitive decline, depression, con-
fusion, epileptiform convulsions, and Wernicke-Korsakoff syndrome in cases of severe thiamine deficiency®.

Scientific Reports|  (2024) 14:7509 | https://doi.org/10.1038/s41598-024-57927-w nature portfolio



www.nature.com/scientificreports/

Additionally, vitamin C serves as an antioxidant and as a cofactor for certain enzymes, such as hydroxylase,
which is necessary for collagen synthesis*. Recent studies have suggested that vitamin C may have a role in the
prevention or treatment of some infections®. Furthermore, a severe deficiency of vitamin C can result in scurvy™.

These essential and significant nutrients were found to be more deficient in participants with disabling hear-
ing loss than in either of the other two groups. This deficiency could lead to a higher prevalence of physical and
mental problems. Moreover, research by Le Prell et al., has shown that intake of magnesium and vitamins A, E,
and C can prevent noise-induced hearing loss by neutralizing free radicals, as demonstrated in animal studies.
Additionally, several prospective and randomized controlled studies have indicated that consumption of omega-3
fatty acids, magnesium, and vitamins A, E, B, and C may help prevent hearing loss'318. Consequently, nutrient
insufficiency in patients with hearing loss can exacerbate the condition and negatively impact overall health.
Therefore, nutritional interventions, including supplements or dietary consultations, should be considered essen-
tial for those with disabling hearing loss to prevent further hearing loss as well as other health complications.
Such measures could play a crucial role in preserving both the physical and mental well-being of these patients.

Nutrient insufficiency can also occur in association with other diseases. A previous study examining the
nutritional status of individuals with depression found that these patients often have deficiencies in protein and
energy, as well as lower intakes of folate and vitamin B12, when compared to recommended dietary allowances™.
Similarly, research by Weikel et al. indicated that patients with cataracts commonly exhibit deficiencies in vita-
mins B and C, lutein/zeaxanthin, omega-3 fatty acids, multivitamins, and carbohydrates, relative to recommended
nutrient levels®®. Similarly, our research found that patients with disabling hearing loss were at risk of inadequate
nutrient intake. Investigating the impact of various disorders on nutritional status is crucial to prevent additional
complications arising from the primary diseases.

Differences in nutrient intake among the groups were observed in the consumption of some major nutrients,
some fatty acids, various vitamins, and minerals. Conversely, no differences were noted in the intake of fat,
saturated fatty acids (SFA), cholesterol, and sodium. Generally, fat, SFA, cholesterol, and sodium are considered
unhealthy nutrients. These findings align with a previous study by Choi et al.?, which reported that fruit con-
sumption in the bilateral hearing loss group was lower than that in the normal hearing group. In addition, our
results are consistent with previous studies that have reported associations between omega-3 fatty acids, minerals,
or vitamins and hearing loss®**"*2. Therefore, individuals with disabling hearing loss seem to consume fewer
healthy foods and a greater proportion of unhealthy foods compared to those with bilateral functional hearing.
This pattern of nutrient intake should be considered when developing dietary interventions.

In this study, insufficient nutrient intake among the female population appeared to be more closely linked to
disabling hearing loss. Kushwaha et al.*” reported that women were more prone to malnutrition. Schilp et al.*®
also demonstrated a significant association between the female gender and malnutrition. Additionally, women
tend to be more susceptible to functional loss associated with hearing loss”?’. Previous studies have reported
that female hearing loss patients experienced higher levels of depression and loneliness than male hearing loss
patients”?’. Our results are consistent with these tendencies. Therefore, nutritional interventions should be
particularly targeted toward female patients with disabling hearing loss.

Compared to previous studies on the association between hearing loss and nutrient intake®’ , we classified
individuals as having disabling hearing loss or functional hearing. Since disabling hearing loss critically affects
other functions?**>*, the differences in nutrient intake among the groups might be more prominent in our study
than in previously conducted studies.

Additionally, the use of hearing aids proved helpful in compensating for nutritional insufficiency in individu-
als with bilateral disabling hearing loss, exceeding 50 dB. Given that hearing aids can mitigate some adverse con-
sequences of hearing loss, including enhancing social network status and alleviating depressive symptoms®*>,
they may influence nutritional status. Additional research is needed to elucidate the effect of hearing aids on
nutrient intake.

The participants in this survey were selected using two-stage stratification and random-sampling methods to
prevent selection bias. However, despite the short-term recall periods before the survey, as the data on nutritional
intake were collected through participant recall, the potential for recall errors existed. Prospective nutritional
data collection would be helpful in preventing these kinds of errors in future studies.

Since this study employed a cross-sectional design, it was not possible to evaluate the causality between disa-
bling hearing loss and nutrient intake. Emmett et al.*” found that malnutrition during childhood can impact the
hearing levels in young adults. Because nutrient deficiency can induce hearing loss, a prospective cohort study
could be instrumental in demonstrating the causality of this association.

Another limitation of our study is the lack of information on other audiological exams, such as bone conduc-
tion hearing levels or speech audiometry. Since the KNHANES did not include other audiological examinations,
we could not evaluate the association of other audiological results with nutritional intake. A further study,
including speech audiometry, may be helpful for assessing the relationship between daily speech recognition
ability and nutrient intake.

Conclusion

Individuals with disabling hearing loss are susceptible toseveral significant nutrient deficiencies, and this ten-
dency was more pronounced in women. Given the possibility of undernourishment in patients with disabling
hearing loss, hearing aid use and appropriate nutritional interventions, including nutritional consultation or
supplementation, could enhance the physical and mental health of this patient population.

Received: 15 January 2024; Accepted: 22 March 2024
Published online: 29 March 2024

Scientific Reports |

(2024) 14:7509 | https://doi.org/10.1038/s41598-024-57927-w nature portfolio



www.nature.com/scientificreports/

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Daimaru, K. & Wagatsuma, Y. Hearing loss and physical function in the general population: A cross-sectional study. PLoS ONE
17, €0275877. https://doi.org/10.1371/journal.pone.0275877 (2022).

Martinez-Amezcua, P. et al. Association of age-related hearing impairment with physical functioning among community-dwelling
older adults in the US. JAMA Netw. Open 4, e2113742-e2113742. https://doi.org/10.1001/jamanetworkopen.2021.13742 (2021).

. Lin, E R. & Ferrucci, L. Hearing loss and falls among older adults in the United States. Arch. Intern. Med. 172, 369-371. https://

doi.org/10.1001/archinternmed.2011.728 (2012).

. Kim, S. Y. et al. Mortality and cause of death in hearing loss participants: A longitudinal follow-up study using a national sample

cohort. Otol. Neurotol. 41, 25-32. https://doi.org/10.1097/ma0.0000000000002429 (2020).

. Contrera, K. ], Betz, J., Genther, D. J. & Lin, E R. Association of hearing impairment and mortality in the national health and nutri-

tion examination survey. JAMA Otolaryngol.-Head Neck Surg. 141, 944-946. https://doi.org/10.1001/jamaoto.2015.1762 (2015).

. Bigelow, R. T. et al. Association of hearing loss with psychological distress and utilization of mental health services among adults

in the United States. JAMA Netw. Open 3, €2010986. https://doi.org/10.1001/jamanetworkopen.2020.10986 (2020).

. Li, C. M. et al. Hearing impairment associated with depression in US adults, National Health and Nutrition Examination Survey

2005-2010. JAMA Otolaryngol. Head Neck Surg. 140, 293-302. https://doi.org/10.1001/jamaoto.2014.42 (2014).

. Kang, J. W, Choi, H. S., Kim, K. & Choi, J. Y. Dietary vitamin intake correlates with hearing thresholds in the older population:

The Korean National Health and Nutrition Examination Surveyl123. Am. J. Clin. Nutr. 99, 1407-1413. https://doi.org/10.3945/
ajcn.113.072793 (2014).

. Jung, S. Y., Kim, S. H. & Yeo, S. G. Association of nutritional factors with hearing loss. Nutrients 2019, 11. https://doi.org/10.3390/

null020307 (2019).

Lee, H. J. et al. Association of dietary factors with noise-induced hearing loss in Korean population: A 3-year national cohort study.
PLoS One 17, €0279884. https://doi.org/10.1371/journal.pone.0279884 (2022).

Gopinath, B., Flood, V. M., Rochtchina, E., McMahon, C. M. & Mitchell, P. Consumption of omega-3 fatty acids and fish and risk
of age-related hearing loss. Am. J. Clin. Nutr. 92, 416-421. https://doi.org/10.3945/ajcn.2010.29370 (2010).

Choi, Y. H,, Miller, J. M., Tucker, K. L., Hu, H. & Park, S. K. Antioxidant vitamins and magnesium and the risk of hearing loss in
the US general population. Am. J. Clin. Nutr. 99, 148-155. https://doi.org/10.3945/ajcn.113.068437 (2014).

Péneau, S. et al. Intake of specific nutrients and foods and hearing level measured 13 years later. Br. J. Nutr. 109, 2079-2088. https://
doi.org/10.1017/s0007114512004291 (2013).

Weijl, N. L. et al. Supplementation with antioxidant micronutrients and chemotherapy-induced toxicity in cancer patients treated
with cisplatin-based chemotherapy: A randomised, double-blind, placebo-controlled study. Eur. J. Cancer 40, 1713-1723. https://
doi.org/10.1016/j.€jca.2004.02.029 (2004).

Joachims, Z. et al. Oral magnesium supplementation as prophylaxis for noise-induced hearing loss: Results of a double blind field
study. Schriftenr. Ver Wasser Boden Lufthyg. 88, 503-516 (1993).

Durga, J., Verhoef, P, Anteunis, L. J., Schouten, E. & Kok, E. J. Effects of folic acid supplementation on hearing in older adults: A
randomized, controlled trial. Ann. Intern. Med. 146, 1-9. https://doi.org/10.7326/0003-4819-146-1-200701020-00003 (2007).
Curhan, S. G, Eavey, R. D., Wang, M., Rimm, E. B. & Curhan, G. C. Fish and fatty acid consumption and the risk of hearing loss
in women. Am. J. Clin. Nutr. 100, 1371-1377. https://doi.org/10.3945/ajcn.114.091819 (2014).

Attias, J. et al. Oral magnesium intake reduces permanent hearing loss induced by noise exposure. Am. J. Otolaryngol. 15, 26-32.
https://doi.org/10.1016/0196-0709(94)90036-1 (1994).

Ozbey-Yiicel, U. & Ugar, A. The role of obesity, nutrition, and physical activity on tinnitus: A narrative review. Obes. Med. 40,
100491. https://doi.org/10.1016/j.0bmed.2023.100491 (2023).

Shukla, A. et al. Hearing loss, loneliness, and social isolation: A systematic review. Otolaryngol. Head Neck Surg. 162, 622-633.
https://doi.org/10.1177/0194599820910377 (2020).

Wei, X. Dietary magnesium and calcium intake is associated with lower risk of hearing loss in older adults: A cross-sectional study
of NHANES. Front. Nutr. 10, 1101764. https://doi.org/10.3389/fnut.2023.1101764 (2023).

Choi, J. E., Ahn, J. & Moon, I. . Associations between age-related hearing loss and dietary assessment using data from Korean
National Health and Nutrition Examination Survey. Nutrients 13, 1230 (2021).

Olusanya, B. O., Davis, A. C. & Hoffman, H. J. Hearing loss grades and the International classification of functioning, disability
and health. Bull. World Health Organ 97, 725-728. https://doi.org/10.2471/blt.19.230367 (2019).

Humes, L. E. The World Health Organization’s hearing-impairment grading system: An evaluation for unaided communication
in age-related hearing loss. Int. ]. Audiol. 58, 12-20. https://doi.org/10.1080/14992027.2018.1518598 (2019).

Olusanya, B. O., Neumann, K. J. & Saunders, J. E. The global burden of disabling hearing impairment: A call to action. Bull. World
Health Organ 92, 367-373. https://doi.org/10.2471/blt.13.128728 (2014).

Lee, S. A., Kang, H. T, Lee, Y. ], Lee, J. D. & Kim, B. G. National representative analysis of unilateral hearing loss and hearing aid
usage in South Korea. PLoS One 15, €0232112. https://doi.org/10.1371/journal.pone.0232112 (2020).

Koyama, H. et al. Etiology, severity, audiogram type, and device usage in patients with unilateral moderate to profound sensori-
neural hearing loss in Japan. J. Clin. Med. 12, 4290 (2023).

McCormack, A. & Fortnum, H. Why do people fitted with hearing aids not wear them?. Int. J. Audiol. 52, 360-368. https://doi.
0rg/10.3109/14992027.2013.769066 (2013).

Purcell, P. L., Jones-Goodrich, R., Wisneski, M., Edwards, T. C. & Sie, K. C. Hearing devices for children with unilateral hearing
loss: Patient- and parent-reported perspectives. Int. J. Pediatr. Otorhinolaryngol. 90, 43-48. https://doi.org/10.1016/j.ijporl.2016.
08.029 (2016).

Society, T. K. N. (ed. Ministry of Health and Welfare (KR)) (Ministry of Health and Welfare, 2020).

Wasano, K., Nakagawa, T. & Ogawa, K. Prevalence of hearing impairment by age: 2nd to 10th decades of life. Biomedicines 10,
1431. https://doi.org/10.3390/biomedicines10061431 (2022).

Brooks, D. N. Hearing aid candidates—some relevant features. Br. J. Audiol. 13, 81-84. https://doi.org/10.3109/030053679090788
82 (1979).

Gussekloo, J. et al. Auditory rehabilitation of older people from the general population—the Leiden 85-plus study. Br. J. Gen. Pract.
53, 536-540 (2003).

Emmett, S. D. & Francis, H. W. The socioeconomic impact of hearing loss in US adults. Otol. Neurotol. 36, 545-550. https://doi.
0rg/10.1097/ma0.0000000000000562 (2015).

Dawes, P. et al. Hearing loss and cognition: The role of hearing AIDS, social isolation and depression. PLoS One 10, e0119616.
https://doi.org/10.1371/journal.pone.0119616 (2015).

Weinstein, B. E., Sirow, L. W. & Moser, S. Relating hearing aid use to social and emotional loneliness in older adults. Am. J. Audiol.
25, 54-61. https://doi.org/10.1044/2015_aja-15-0055 (2016).

Emmett, S. D. et al. Early childhood undernutrition increases risk of hearing loss in young adulthood in rural Nepal. Am. J. Clin.
Nutr. 107, 268-277. https://doi.org/10.1093/ajcn/nqx022 (2018).

Murphy, C. & Koehler, K. Energy deficiency impairs resistance training gains in lean mass but not strength: A meta-analysis and
meta-regression. Scand. J. Med. Sci. Sports 32, 125-137. https://doi.org/10.1111/sms.14075 (2022).

Scientific Reports |

(2024) 14:7509 | https://doi.org/10.1038/s41598-024-57927-w nature portfolio


https://doi.org/10.1371/journal.pone.0275877
https://doi.org/10.1001/jamanetworkopen.2021.13742
https://doi.org/10.1001/archinternmed.2011.728
https://doi.org/10.1001/archinternmed.2011.728
https://doi.org/10.1097/mao.0000000000002429
https://doi.org/10.1001/jamaoto.2015.1762
https://doi.org/10.1001/jamanetworkopen.2020.10986
https://doi.org/10.1001/jamaoto.2014.42
https://doi.org/10.3945/ajcn.113.072793
https://doi.org/10.3945/ajcn.113.072793
https://doi.org/10.3390/nu11020307
https://doi.org/10.3390/nu11020307
https://doi.org/10.1371/journal.pone.0279884
https://doi.org/10.3945/ajcn.2010.29370
https://doi.org/10.3945/ajcn.113.068437
https://doi.org/10.1017/s0007114512004291
https://doi.org/10.1017/s0007114512004291
https://doi.org/10.1016/j.ejca.2004.02.029
https://doi.org/10.1016/j.ejca.2004.02.029
https://doi.org/10.7326/0003-4819-146-1-200701020-00003
https://doi.org/10.3945/ajcn.114.091819
https://doi.org/10.1016/0196-0709(94)90036-1
https://doi.org/10.1016/j.obmed.2023.100491
https://doi.org/10.1177/0194599820910377
https://doi.org/10.3389/fnut.2023.1101764
https://doi.org/10.2471/blt.19.230367
https://doi.org/10.1080/14992027.2018.1518598
https://doi.org/10.2471/blt.13.128728
https://doi.org/10.1371/journal.pone.0232112
https://doi.org/10.3109/14992027.2013.769066
https://doi.org/10.3109/14992027.2013.769066
https://doi.org/10.1016/j.ijporl.2016.08.029
https://doi.org/10.1016/j.ijporl.2016.08.029
https://doi.org/10.3390/biomedicines10061431
https://doi.org/10.3109/03005367909078882
https://doi.org/10.3109/03005367909078882
https://doi.org/10.1097/mao.0000000000000562
https://doi.org/10.1097/mao.0000000000000562
https://doi.org/10.1371/journal.pone.0119616
https://doi.org/10.1044/2015_aja-15-0055
https://doi.org/10.1093/ajcn/nqx022
https://doi.org/10.1111/sms.14075

www.nature.com/scientificreports/

39. Li, S., Xiao, X. & Zhang, X. Hydration status in older adults: Current knowledge and future challenges. Nutrients 15, 11. https://
doi.org/10.3390/nu15112609 (2023).

40. Fujita, T. Calcium paradox: Consequences of calcium deficiency manifested by a wide variety of diseases. J. Bone Miner. Metab.
18, 234-236. hitps://doi.org/10.1007/pl00010637 (2000).

41. Schwalfenberg, G. K. & Genuis, S. J. The importance of magnesium in clinical healthcare. Sci. (Cairo) 4179326, 2017. https://doi.
org/10.1155/2017/4179326 (2017).

42. Miller, J. L. Iron deficiency anemia: A common and curable disease. Cold Spring Harb. Perspect. Med. 2013, 3. https://doi.org/10.
1101/cshperspect.a011866 (2013).

43. Huang, Z., Liu, Y., Qi, G., Brand, D. & Zheng, S. G. Role of Vitamin A in the Immune System. J. Clin. Med. 7, 258 (2018).

44. Gilbert, C. The eye signs of vitamin A deficiency. Commun. Eye Health 26, 66-67 (2013).

45. Dowling, J. E. & Wald, G. Vitamins & Hormones, vol. 18 (eds. Robert, S. H. & Dwight, J. I.) 515-541 (Academic Press, 1961).

46. Sajovic, J. et al. The role of vitamin A in retinal diseases. Int. . Mol. Sci. 23, 3. https://doi.org/10.3390/ijms23031014 (2022).

47. Meehan, M. & Penckofer, S. The role of vitamin D in the aging adult. J. Aging Gerontol. 2, 60-71. https://doi.org/10.12974/2309-
6128.2014.02.02.1 (2014).

48. Eyles, D. W. Vitamin D: Brain and Behavior. JBMR Plus 5, e10419. https://doi.org/10.1002/jbm4.10419 (2021).

49. Corsello, A., Spolidoro, G. C. I., Milani, G. P. & Agostoni, C. Vitamin D in pediatric age: Current evidence, recommendations, and
misunderstandings. Front. Med. 2023, 10. https://doi.org/10.3389/fmed.2023.1107855 (2023).

50. Lee, G. Y. & Han, S. N. The role of vitamin E in immunity. Nutrients 2018, 10. https://doi.org/10.3390/nul0111614 (2018).

51. Traber, M. G. Vitamin E inadequacy in humans: Causes and consequences. Adv. Nutr. 5, 503-514. https://doi.org/10.3945/an.114.
006254 (2014).

52. Tanaka, K., Ao, M. & Kuwabara, A. Insufficiency of B vitamins with its possible clinical implications. J. Clin. Biochem. Nutr. 67,
19-25. https://doi.org/10.3164/jcbn.20-56 (2020).

53. Traber, M. G. & Stevens, J. F. Vitamins C and E: Beneficial effects from a mechanistic perspective. Free Radic. Biol. Med. 51,
1000-1013. https://doi.org/10.1016/j.freeradbiomed.2011.05.017 (2011).

54. Cerullo, G. et al. The long history of vitamin C: From prevention of the common cold to potential aid in the treatment of COVID-
19. Front. Immunol. 2020, 11 (2020).

55. Pourghassem-Gargari, B., Saboktakin, M., Mahboob, S. & Pourafkari, N. Nutritional status in patients with major depressive
disorders: A pilot study in tabriz, Iran. Health Promot. Perspect. 2, 145-152. https://doi.org/10.5681/hpp.2012.017 (2012).

56. Weikel, K. A., Garber, C., Baburins, A. & Taylor, A. Nutritional modulation of cataract. Nutr. Rev. 72, 30-47. https://doi.org/10.
1111/nure.12077 (2014).

57. Kushwaha, S. et al. Estimates of malnutrition and risk of malnutrition among the elderly (=60 years) in India: A systematic review
and meta-analysis. Ageing Res. Rev. 63, 101137. https://doi.org/10.1016/j.arr.2020.101137 (2020).

58. Schilp, J., Wijnhoven, H. A., Deeg, D. J. & Visser, M. Early determinants for the development of undernutrition in an older general
population: Longitudinal Aging Study Amsterdam. Br. J. Nutr. 106, 708-717. https://doi.org/10.1017/s0007114511000717 (2011).

59. Olusanya, B. O., Davis, A. C. & Hoftman, H. J. Hearing loss: Rising prevalence and impact. Bull. World Health Organ 97, 646-646a.
https://doi.org/10.2471/blt.19.224683 (2019).

Acknowledgements

This work was supported by a public clinical research grant-in-aid from the Seoul National University Hospital.
This research was supported by a grant of the Korea Health Technology R&D Project through the Korea Health
Industry Development Institute (KHIDI), funded by the Ministry of Health & Welfare, Republic of Korea (grant
number : HC19C0128)

Author contributions

Sang-Yoon Han wrote the main script and performed statistical analysis. Sang-Yeon Lee, Myung-Whan Suh,
and Jun Ho Lee conducted statistical analysis and edited the manuscript. Moo Kyun Park supervised, guided the
description, and edited the manuscript. All authors reviewed the manuscript

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to M.K.P.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

ov License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports |

(2024) 14:7509 | https://doi.org/10.1038/s41598-024-57927-w nature portfolio


https://doi.org/10.3390/nu15112609
https://doi.org/10.3390/nu15112609
https://doi.org/10.1007/pl00010637
https://doi.org/10.1155/2017/4179326
https://doi.org/10.1155/2017/4179326
https://doi.org/10.1101/cshperspect.a011866
https://doi.org/10.1101/cshperspect.a011866
https://doi.org/10.3390/ijms23031014
https://doi.org/10.12974/2309-6128.2014.02.02.1
https://doi.org/10.12974/2309-6128.2014.02.02.1
https://doi.org/10.1002/jbm4.10419
https://doi.org/10.3389/fmed.2023.1107855
https://doi.org/10.3390/nu10111614
https://doi.org/10.3945/an.114.006254
https://doi.org/10.3945/an.114.006254
https://doi.org/10.3164/jcbn.20-56
https://doi.org/10.1016/j.freeradbiomed.2011.05.017
https://doi.org/10.5681/hpp.2012.017
https://doi.org/10.1111/nure.12077
https://doi.org/10.1111/nure.12077
https://doi.org/10.1016/j.arr.2020.101137
https://doi.org/10.1017/s0007114511000717
https://doi.org/10.2471/blt.19.224683
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Insufficient nutrient intake in individuals with disabling hearing loss and the restoration of nutritional sufficiency in hearing aid users
	Materials and methods
	Subjects and data extraction
	Classification of the participants according to their hearing status
	Nutritional status evaluation
	Subgroup analysis of differences in nutrient intake based on the use of hearing aids
	Statistical analysis

	Results
	Demographics, socioeconomic status, physical examination results, and medical history of each group
	Nutritional intake differences among the groups
	Differences in nutrient intake among the groups of male participants
	Differences in nutrient intake among the groups of female participants
	Nutrient status
	Male participants
	Female participants

	Differences in nutrient intake based on the use of hearing aids

	Discussion
	Conclusion
	References
	Acknowledgements


