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Abstract

Background: Previous international research shows se-
vere vitamin deficiencies in people with hearing loss. Hear-
ing loss is improved for many people when vitamins such as
A, B, C, D, E and K are replaced.

Objective: To determine whether a dietary intake of vita-
mins linked to deafness were deficient among a group of

dietary vitamin D supplementation and obesity. The lower
frequency of vitamin deficiency among the hearing students
could be attributed to environmental or behavioural factors
or being exposed to different foods. The greater consump-
tion of vitamins B3, C, E and K among the hearing impaired
students will be beneficial in the long term for protection in
noise induced hearing loss. Increasing antioxidants in the
body to rid the body of free radicals. Increasing the activity

18-21 year-old hearing impaired and hearing Saudi Arabian of vitamin D, an important vitamin in bone mineralization.

female students. Keywords

Design: This was a cross sectional study involving 64 hear-

ing students and 42 hard of hearing female students aged pitaminsgcames=aNomeINSaudiiAEbiastdentbes

18-21 in a university in Saudi Arabia. Food intake was as- IEENE
sessed by a food frequency questionnaire. Vitamin levels
were calculated for each food and compared to the recom- Introduction

mended daily allowance (RDA) for each group. Knowledge
and understanding of vitamin deficiency was answered by
face to face interviews. The study duration was one year
from September 2010 to September 2011.

Hearing loss is a major public health problem and
is expected to rise with the aging population. Roughly
360 million people around the world have some form of
hearing loss and 32 million of these are children [1]. Di-
etary intake may play a role in the pathogenesis of many
auditory disorders [2]. Deficiencies of several micronu-
trients have been associated with auditory dysfunction
disorders in humans [3] and young growing animals [4].
International research has shown severe vitamin defi-
ciencies in people with hearing dysfunctions including
noise induced hearing loss [5-10], sensorineural hearing
loss [11-14] antioxidant consumption [15] and calcium
homeostasis imbalance [16-21]. Hearing loss improves
when these missing vitamins A, B, C, D, E and K are re-
placed. This makes hearing loss caused by a deficiency
in certain vitamins a problem that can be treated with
good nutrition.

Results: In comparing the vitamin amounts the students
consumed over 24 hours for both groups, the hearing im-
paired group’s vitamin consumption met the RDA. The
hearing group’s vitamin consumption met the RDA on all
vitamins except for vitamin B9 and vitamin D. The RDA for
vitamin B9 is 0.4 mg. The hearing group had an RDA of
0.3 mg. The RDA for vitamin D is 0.015 mg. The hearing
group had an RDA of 0.01 mg. The hearing impaired group
had a higher RDA overall with all vitamins compared to the
hearing group.

A greater percentage of hearing students consumed a high-
er frequency of vitamin rich foods over the course of the
week, compared to the hearing impaired students with val-
ues totalling 55% and 40% respectively.

Discussion: The vitamin D deficiency among the students
could be attributed largely to poor exposure to sunlight, poor
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The possible associations between poor vitamin A,
B, C, D and E status with auditory dysfunction and pro-
tection, has not been widely studied and little attention
has been given to the possible role of these micronu-
trients in hearing loss within certain age groups. The
results of previous studies are inconsistent [22-26] pos-
sible reasons for this include dietary assessments being
misclassified and not accounting for long term intake
[26] and imprecise outcome measurements based on
self-reports being used [25]. Furthermore, antioxidants
may be most effective when working together with oth-
er nutrients.

The region of Hail, an area populated with highly
consanguineous families and located 727 km north of
Riyadh and 391 km South of Al Jouf, registers shortage
in health care facilities compared to other regions in the
Kingdom. However, no study was previously conduct-
ed in Hail in relation to vitamin intake and knowledge.
In one study looking at vitamin D status in Saudi Arabia
among one hundred and eighty people over the age of
18 in the Qassim region, the prevalence of Vitamin D
deficiency/ insufficiency was found to be 67% [27].

Using a survey method, this study investigated in-
take of foods rich in vitamins A-K, and awareness of the
necessity for these in hearing maintenance in a sample
of Saudi female students both hearing and hearing im-
paired and to draw conclusions regarding their nutri-
tional requirements.

Methods
Subjects and study design

This was a cross sectional study conducted at the de-
partment of special needs and the medical college, Uni-
versity of Hail, Kingdom of Saudi Arabia that assessed
knowledge on vitamins and hearing loss and vitamin de-
ficiency of the participants. Seventy five female hearing
students (inclusion criteria was-10 to 15 dB frequency
the normal hearing levels for the normal hearing stu-
dents). Data obtained from university record.

Seventy five female hearing impaired students (The
term “Hearing Impaired” is a description of someone
who is hard of hearing or who has no hearing with gen-
eral hearing loss. Inclusion criteria for this group is any
hearing level perceived greater than 16 dB) [28] Data
obtained from university records.

A convenience sample of students were and invited
to participate in the study involving dietary intake be-
tween September 2010 and September 2011. Students
were recruited as they entered the college between the
times of 8 am to 9 am. Hearing and hearing impaired
student information was taken from their student re-
cords.

Students were included if they were in foundation
year, had no underlying disease, were of Saudi origin
and were not taking any vitamin supplements as well as
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meeting the requirement listed for hearing level. Of the
students eligible to participate only 64 of the hearing
female students and 42 of the hearing impaired female
students gave their permission for the study and hence
only these were included. Third- and fourth-year med-
ical students involved in recruiting participants were
trained in delivering a personal-assisted structured-in-
terview prior to administering the questionnaire to
participants. A special needs tutor with Arabic sign lan-
guage interpreted for the hearing impaired participants.
Awareness leaflets enclosing the common symptoms
and signs of vitamin deficiency and its relation to hear-
ing loss were provided after the completion of question-
naire.

Ethical consideration

Informed consent was obtained from participants
prior to completing the questionnaires. The students
made sure a full explanation of the study was provid-
ed to participants with the emphasis on the right of the
subject not to participate or disclose information and
confidentiality. Ethical approval was obtained from the
local authorities as well as the University of Hail and the
Medical College Council Committee, in compliance with
the Helsinki Declaration [29].

Tools for collecting data

The questionnaire was first adapted and translated
to Arabic based on published research about vitamin
rich foods and consultation with an experienced die-
tician at the university [30] (Appendix 1) on results of
deficiencies. For 40 of the food items, a serving size was
described, using ‘natural’ units (such as one apple, a
glass of milk, a slice of bread) whenever possible, or oth-
erwise using typical serving sizes based on analyses of
diet records (e.g, 1/2 cup of beans or 4-6 0z. (114-170 g)
of meat as a main dish) (Appendix 2). Estimated portion
sizes were used where possible according to published
data on serving sizes [31,32]. The list of 40 foods was
reduced to 13 by eliminating some items found to be
infrequently used in a small pilot study. Subjects were
asked to indicate for each food how often, on average,
they had eaten the amount specified during the past
week. Five multiple choice responses were possible,
ranging from never to daily. Daily meaning consumption
of food item every day. Two and three times a week in-
dicate the food item was eaten a couple of times during
the week. Rarely indicates occasionally and the never
response indicates the student never ate the item. The
amounts of vitamins in the foods were computed by
multiplying the relative frequency that each food item
was used (in this case once a day, daily would be equal
to 1) By the nutrient content of the specified portion
size, primarily using the united states department of
agriculture food composition scores [33,34] but supple-
mented with other published data and information with
manufacturers when necessary [32].
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Blood analysis to assess vitamin levels in the stu-
dents was performed. However the parents of the stu-
dents refused publication of these so these results are
not included.

The section on the knowledge of the vitamin intake
consisted of choice-type questions in a yes or no for-
mat in the design to elicit participant’s knowledge in the
main areas; knowledge of vitamin deficiency and symp-
toms and knowledge of the association of deafness with
vitamin deficiency. Correct responses were given one
point for choosing each: Food type and frequency while
other options including “I do not know” were given nil.

A study identification number identified each re-
spondent to ensure confidentiality of the information.
Both descriptive and inferential statistics were used as
fitting. Categorical data were expressed using frequen-
cies, proportions, and percentages in SPSS. Chi square
test of significance was used to report univariate anal-
ysis. A p < 0.05 was applied as a level of significance for
the survey questions and a one sided T test of signifi-
cance was used to compare the responses of the hearing
students with those of the hearing impaired students.

Results

The ideal number of students was 75 hearing female
students and 75 hearing impaired students. Howev-
er upon receiving the surveys, only 64 female hearing
students and 42 hearing impaired students gave their
permission for the surveys, and hence only those are

analysed here. All of the students were of Saudi Arabian
origin and were between the ages of 18 and 21 (Table
1). Food frequency questionnaires completed for both
the hearing impaired and the normal hearing group are
in the appendix. The vitamin amounts were calculated
for the 13 food items in the pilot study with items in-
cluding peanuts, green vegetables, broccoli, peppers or-
anges, milk, eggs, bread, meat, fish, chicken, oats, and
sunflower seeds.

In comparing the vitamin amounts the students con-
sumed over 24 hours for the two groups, the hearing
impaired group’s vitamin consumption met the RDA.
The hearing group’s vitamin consumption met the RDA
on all vitamins except for vitamin B9 and vitamin D. The
RDA for vitamin B9 is 0.4 mg. The hearing group had
an RDA of 0.3 mg. The RDA for vitamin D is 0.015 mg.
The hearing group had an RDA of 0.01 mg (Table 2). The
hearing impaired group had a higher RDA overall with
all vitamins compared to the hearing group (Table 2).

A greater percentage of hearing students (Figure
1A) had a higher frequency of vitamin intake over the
course of the week, compared to the hearing impaired
students (Figure 1B) with values of 28, 13 and 14%
(55%) compared to 29, 6 and 5% (40%) respectively. A
lower percentage of hearing students (Figure 1A) never
or rarely consumed the vitamin allowance compared to
the hearing impaired group (Figure 1B) 9% versus 20%
and 36% versus 40% respectively.

Table 1: Characteristics of participants.

Females Hearing group Hearing impaired

Number 75 selected (64) in study 75 selected (42) in study

Nationality Saudi Arabian Saudi Arabian

Age 18-21 18-21

Diagnosis -10to 15 dB Greater than 16 dB

College division Medical college Special needs centre of college

Table 2: Absolute daily vitamin intake estimated from the food frequency questionnaires. (P > 0.05).

Vitamin Estimated RDA of each vitamin in mg Estimated RDA of each vitamin in mg Recommended daily
for the hearing students based on for hearing impaired students based on  allowance of each vitamin
intake of 13 listed foods intake of 13 listed foods in mg

A 1.3 21 0.7

B1 1.2 1.8 0.8

B2 1.2 2.0 1.1

B3 17.9 28.4 14

B5 5.1 8.1 5

B6 1.4 2.6 1.2

B9 0.3 0.5 0.4

B12 6.3 10.1 0.0024

C 145 230 75

D 0.01 0.02 0.015

E 16.3 26.0 15

K 55.7 88.4 1
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A (hearing students) and B (hearing impaired students).

Rarely

L 4

Figure 1: Frequency of vitamin consumption over a week for the hearing students (A) and the hearing impaired students (B).

P >0.05

B I
Rarely
40%

Discussion

The present study was addressed to look at the fre-
guency of vitamin deficiency and awareness of vitamin
deficiency and hearing loss among female hearing and
impaired hearing students at the University of Hail, Sau-
di Arabia.

A food questionnaire was used to collect data on the
RDA of vitamin consumption among the students.

Vitamin B3 had a higher consumption in the hearing
impaired females compared to the hearing females.

A precursor to vitamin B3, NAD+ (Nicotinamide ade-
nine dinucleotide) with its precursor NR (Nicotinomide
riboside) act together to prevent hearing loss. They do
this by increasing the activity of protein SIRT3 (sirtu-
in3) a protein which is involved in resistance to noise
induced hearing loss. NR can be used alone to protect
nerves that innervate the cochlea. Loud noise exposure
can damage the synapses connecting the nerves and
the hair cells in the cochlea, resulting in noise induced
hearing loss. NR was successful at preventing damage
to these synaptic connections regardless if it is given
before or after noise exposure [35]. The higher con-
sumption among this group may help in their protection
against sensorineural hearing loss in the long term. Both
groups also met the RDA allowance of vitamin B3 of 14
mg.

There was a higher consumption of vitamin E and C
among the hearing impaired females compared to the
hearing females. Vitamin C is an antioxidant that is ef-
fective against a variety of reactive oxygen species, in-
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cluding superoxide and hydroxyl radicals that have been
implicated in the etiology of noise-induced hearing loss
(NIHL) [36]. Both groups also met their RDA allowance
of vitamins C and E of 75 and 15 mg respectively.

Not enough vitamin D was taken on a daily basis
among the hearing group of students. Vitamin D is an
important vitamin responsible for the growth of bones
in the ear. There may be other factors that may also
contribute to low vitamin D among the hearing stu-
dents, such as the clothing where by the Muslim wom-
en surveyed in our study tended to wear clothes which
apart from face and hands cover all other parts of their
bodies. Even if they go out, opportunity to expose their
bodies in sunlight is not available due to “Abaya/ Hijab”
(a head to toe covering which only has small openings
for the eyes) [37]. Even though there is an abundance of
sunshine in Saudi Arabia it is extreme in certain months
and women tend to stay inside their homes [38]. The
skin colour in the Saudi population varies from light
brown to dark. Dark pigmentation has been found to
reduce the synthesis on the skin of vitamin D because
ultra violet light cannot reach the appropriate layer of
the skin [39]. In future studies it would be of interest
to investigate how much time the hearing students and
the hearing impaired students spend outside.

The lack of vitamin D intake among our students also
coincides with a study conducted by King Abdul-Aziz
University, Jeddah, where a total of 1,172 healthy Saudi
women living in the Jeddah area were randomly select-
ed and studied and 80% of the Saudi women studied
exhibited vitamin D deficiency. The study concluded
that Saudi women have a high prevalence of vitamin D
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deficiency and this is attributed largely to poor exposure
to sunlight, poor dietary vitamin D supplementation and
obesity [40]. Saudi impaired hearing students in one
study were mainly at home and this was associated with
a lack of UV-light [41].

Vitamin K was highly consumed among the hearing
impaired students compared to the hearing students.
Vitamin K works with vitamin D and may help its func-
tion in healthy bone growth for the ear.

Vitamin B-12 status may aid in neuron myelination in
the cochlear nerve [14]. This also had a higher consump-
tion among the hearing impaired students compared to
the hearing students and may offer protection in senso-
rineural deafness.

The greater consumption of vitamins over the course
of the week in the hearing group compared to the hear-
ing impaired group could be due to having friendships
outside the college and having an increased exposure
to different foods. This coincides with one study which
looked at friendships between hearing and hearing im-
paired students, the hearing students tended to mix
with students from other disciplines, whereas the hear-
ing impaired students in the university tended to mix
with students from their class only [42,43]. These find-
ings are also in agreement with previous studies on the
relationship of general mixed friendship quality with
wellbeing [44].

A higher consumption of vitamins may be linked to
a compensatory affect whereby other nutrients in the
diet may be deficient and others more to create a bal-
ance. More studies would be needed to test this. Fur-
ther studies could also look at the effects of having ex-
cess vitamins for example too much vitamin C can cause
muscle cramps [3].

Symptoms of vitamin deficiency were looked at in
surveys and the students reported no symptoms of vita-
min deficiencies (results not shown).

An important strength of the study was the use of
the translators that were able to help us converse with
the hearing impaired female students. The student in-
terviewers also had to make a number of trips to the
special needs department to build up a rapport with the
students and this helped immensely. This preliminary
data will help immensely for future studies in effects of
nutritional deficiency and deafness in Saudi Arabia.

An important limitation the authors faced were that
they were unable to get results investigating the symp-
toms of vitamin deficiency for the hard of hearing group
as the students were unable to understand the ques-
tions relating to this as well as some of the food names.
The translator tried to show these fruits in sign language
but it was not clear to the students. In terms of the hear-
ing students, questions appeared straightforward once
the student interviewers had translated these to Ara-
bic. In both groups questions were simplified as much
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as possible, to enable all participants regardless of edu-
cation level to read and answer the questions. Pictures
alongside the Arabic translation may have helped and
this will be used in future studies. Another limitation
was that as this was a preliminary study power analysis
was not used to assess sample size. In addition the num-
ber of declined participation was not recorded, and the
data available from reluctant students may have shift-
ed paradigm of the trends seen in the study. Our study
only looked at females, further studies are required to
compare the frequency of vitamin intake with males.
One study reported men over 60 years of age and older
may benefit from higher folate intake to reduce the risk
of developing hearing loss [25]. Folic acid met the RDA
for the students in this study. Another limitation is the
method as one week cannot fully represent the usual
dietary intake of the students. Next time we will employ
one week data collection periods spaced according to
account for seasonal as well as short term variability. In
one study use of this promoted strong correlations with
the questionnaires used [45].

The RDA of vitamin B9 was lower in the hearing
group. B9 at moderate levels offers protection against
lower hearing frequencies in relatively young adults;
a finding consistent with that from a folic acid supple-
mentation study in the Netherlands [46]. Workshops
and education on the benefits of B9 supplementation
could help this group in the long term.

Conclusions

In conclusion most students achieved the RDA for
vitamin consumption. A greater percentage of hearing
students consumed a higher frequency of vitamin rich
foods over the course of the week, compared to the
hearing impaired students with values totalling 55% and
40% respectively. These differences could be attributed
to environmental and behavioral factors. The hearing
impaired female students had higher consumptions of
B3, C, E and K in their diets and these may give added
protection in hearing loss.

Vitamin D and B9 were vitamins that did not meet
the RDA for the hearing group and foods contained
more dairy will help in this as well as supplemented
foods with these vitamins or just taking multivitamins.

Workshops to educate the students and their fami-
lies on vitamin supplementation, nutrition and hearing
loss would be something for future studies.
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Appendix 1: Food frequency data for the hearing impaired students 13 food stuffs.

Food frequency questionnaire results for the female hearing impaired students. Each first column is the frequency. Each row
denotes the food item consumed. The second column denoted by the " is the percentage change.

How often do
you eat these
food

daily

Percentage
change’

2 times
a week

Percentage
change’

3 times a
week

Percentage
change’

rarely

Percentage
change’

never

Percentage
change’

Y2 cup of
peanuts, 146
grams

1.0

13.3

4.0

4.4

1.0

1.2

33.0

39.3

3.0

3.6

2 cup of
green veg,
146 grams

5.0

5.7

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

1 serving of
fruit such as
an orange

3.0

3.4

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Y2 cup of
peppers, 92
grams sliced

20.0

241

2.0

24

1.0

1.2

14.0

16.9

15.0

18.1

Y2 cup of
broccoli, 92
grams

6.0

7.2

1.0

1.2

2.0

24

16.0

19.3

29.0

343

Glass of milk,
2449

22

26.5

7.0

8.4

3.0

3.6

20.0

241

5.0

6.0

1 eggs 46
grams

14.0

16.9

1.0

1.2

3.0

3.6

17.0

20.5

4.0

4.8

1 slices of
wheat bread,
46 grams

1.0

1.1

0.0

0.0

0.0

0.0

0.0

0.0

1.0

1.1

114t0170g
of meat

20.0

241

2.0

24

3.0

3.6

20.0

241

5.0

6.0

11410170 g
of fish

2.0

24

3.0

3.6

4.0

4.8

26.0

31.3

13.3

114t0170¢g
of chicken

37.0

44.6

3.0

3.6

5.0

6.0

7.0

8.4

1.0

1.2

Y cup of oats,
92 grams

10.0

12.0

4.0

4.8

6.0

6.2

25.0

30.1

20.0

241

Y2 cup of
sunflower
seeds, 92
grams

4.0

4.8

4.0

4.8

2.0

24

34.0

41.0

13.0

15.7
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Appendix Table 2: Food frequency data for the hearing students 13 items.

Food frequency questionnaire results for the female hearing students. Each first column is the frequency. Each row denotes the
food item consumed. The second column denoted by the " is the percentage change.

Amin and Al-Shammari. Int J Womens Health Wellness 2020, 6:116

How often daily Percentage |2times Percentage 3times Percentage rarely \Percentage never Percentage
do you eat change’ aweek change’ aweek change’ change’ change’
these food
2cupof 0.0 0.0 1.0 23 1.0 23 270 628 10.0 233
peanuts,
146 grams
Y2cupof 0.0 0.0 1.0 23 0.0 0.0 180 419 10.0 233
leafy green
veg, 146
grams
1orange 140 32.6 6.0 14.0 12.0 27.9 8.0 18.6 0.0 0.0
Y2cupof 10 23.3 6.0 14.0 4.0 9.3 16.0 372 4.0 9.3
peppers,
92 grams
2cupof 6.0 14.0 1.0 23 1.0 23 23.0 535 5.0 11.6
broccoli,
92 grams
Glass of 20 46.5 5.0 11.6 6.0 14.0 9.0 20.9 0.0 0.0
milk, 244
grams
1egg, 46 14 32.6 5.0 11.6 8.0 18.6 9.0 20.9 1.0 23
grams
1 slicesof 33.0 76.7 3.0 7.0 2.0 4.7 2.0 4.7 1.0 23
bread, 46
grams
11410170 10.0 | 23.3 9.0 20.9 9.0 209 9.0 20.9 3.0 7.0
g of meat
114 t0o 170 8.0 18.6 11.0 25.6 7.0 16.3 10.0 239 3.0 7.0
g of fish
11410170 12.0 27.9 4.0 9.3 4.0 9.3 9.0 20.9 3.0 7.0
g of chick-
en
Y2cupof 4.0 9.3 8.0 18.6 10.0 23.3 15.0 349 0.0 0.0
oats, 92
grams
Y2cupof 3.0 7.0 4.0 9.3 2.0 4.7 20.0 465 6.0 14.0
sunflower
seeds, 92
grams
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