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Summary: Objective. The purpose of this study is to review the current literature on the effect of hypovi-
taminosis D on voice.

Study design. Narrative review.

Methods. The literature search from electronic databases included PubMed/MEDLINE, EMBASE,
SCOPUS, and Google Scholar. Search terms included voice, voice quality, voice disorders, larynx, laryngology,
acoustic analysis, vitamin D, calcitriol, cholecalciferol, vitamin D deficiency, and vitamin D insufficiency. All
studies on patients with vitamin D deficiency, which included subjective and objective voice assessments, were
reviewed.

Results. A total of 39 studies were retrieved. Only four studies met the above-mentioned inclusion criteria and
hence were included in this review. The total number of subjects analyzed was 466. The subjective voice out-
come measures used were the Voice Handicap Index-10 (VHI-10), self-reported phonatory symptoms, and the
GRBAS scale. Objective voice outcome measures included fundamental frequency, jitter, shimmer, noise-to-
harmonic ratio, maximum phonation time, and dysphonia severity index.

Conclusion. Vitamin D deficiency has no significant effect on laryngeal muscles. There was no statistically
significant difference in VHI-10 score, self-reported dysphonia, perceptual voice evaluation scores, or any of the

acoustic measures between those with or without vitamin D deficiency.
Key Words: Vitamin D deficiency—Voice-Laryngology—Vitamin D insufficiency.

INTRODUCTION

Vitamin D is a fat-soluble vitamin synthesized in the skin
upon exposure to sunlight. Another source is the dietary
intake of fatty fish and/or fortified foods.'” In the body,
vitamin D is converted to its active form, 1,25-dihydrox-
yvitamin D, which binds to VDRs and activates VDR-
mediated signaling pathways. Vitamin D receptors (VDRs)
are widely expressed in various tissues suggesting that vi-
tamin D has a broad range of physiological functions be-
yond its well-known role in maintaining bone health.”
Vitamin D also has an immunomodulatory effect that helps
modulate the activation and proliferation of immune
cells.”®

Vitamin D deficiency is a widespread problem that af-
fects a significant proportion of the global population, with
a higher prevalence being noted in elderly and dark-
skinned individuals.” The deficiency may result from in-
adequate sun exposure and/or limited dietary intake.” A
study published by Migliaccio et al” found that obesity also
is a risk factor for vitamin D deficiency, as excess body fat
can sequester vitamin D and reduce its bioavail-
ability. Similarly, other medical conditions such as Crohn’s

Accepted for publication August 2, 2023.

No funding was received for conducting this study.

From the Department of Otolaryngology and Head & Neck Surgery, American
University of Beirut-Medical Center, Beirut, Lebanon.

Address correspondence and reprint requests to Abdul-Latif Hamdan,
Department of Otolaryngology and Head & Neck Surgery, American University of
Beirut Medical Center, 11-0236, Riad El Solh, 1107 2020, Beirut, Lebanon. E-mail:
ah77@aub.edu.lb

Journal of Voice, Vol xx, No XX, pp. XXX—XXX

0892-1997

© 2023 The Voice Foundation. Published by Elsevier Inc. All rights reserved.

https://doi.org/10.1016/j.jvoice.2023.08.004

disease, liver cirrhosis, and nephrotic syndrome may impair
the absorption or synthesis of vitamin D."" *

Hypovitaminosis D can lead to a range of clinical
manifestations affecting various systems in the body. In
children, it can result in rickets, a condition characterized
by skeletal deformities such as bowing of the legs.'” In
adults, it is a major cause of osteomalacia.'* Low levels of
vitamin D can lead to increased bone turnover and re-
sorption, resulting in osteopenia and osteoporosis.'” The
effect of vitamin D deficiency on the musculoskeletal
system extends beyond its direct effect on bone. A serum
vitamin D level below 30 nmol/L is associated with de-
creased muscle strength and increased body sway. It may
also manifest as osteomalacic myopathy, a condition
characterized by a change in gait, diffuse muscle pain, and
difficulty in rising from a chair or climbing stairs.'®'’
Given that the phonatory apparatus is part of the muscu-
loskeletal system, it is not surprising to speculate that vi-
tamin D deficiency may affect the voice. The literature is
scarce on this topic, and the effect of vitamin D deficiency
on the phonatory apparatus is still under investigation.

The purpose of this study is to review the current lit-
erature on the effect of hypovitaminosis D on voice. This
information is important for patient counseling, particu-
larly professional voice users who may suffer from vitamin
D deficiency and present with voice complaints.

MATERIAL AND METHODS
This narrative review was written based on a literature search
from electronic databases, including PubMed/MEDLINE,
EMBASE, SCOPUS, and Google Scholar. Search terms
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included voice, voice quality, voice disorders, larynx, lar-
yngology, acoustic analysis, vitamin D, calcitriol, cholecalci-
ferol, vitamin D deficiency, and vitamin D insufficiency.
There were no restrictions regarding language or date of
publication, but the full text had to be available. All studies
on patients with vitamin D deficiency, which included sub-
jective and objective voice assessments, were reviewed. The
subjective voice outcome measures used were the Voice
Handicap Index-10 (VHI-10) described by Rosen et al,'® self-
reported phonatory symptoms such as dysphonia, voice fa-
tigue, and phonatory effort, and the GRBAS scale described
by Hirano et al,'” where G stands for the grade of dysphonia,
R for roughness, B for breathiness, A for asthenia, and S for
straining. Objective voice outcome measures comprised of
acoustic analysis and aerodynamics analysis. The acoustic
analysis included fundamental frequency, jitter, shimmer,
noise-to-harmonic ratio, and the aerodynamic analysis in-
cluded maximum phonation time (MPT) and the dysphonia
severity index (DSI). DSI is a multivariate objective and
quantitative evaluation tool that utilizes acoustic and aero-
dynamic parameters.

RESULTS

After having run the search terms in the electronic data-
bases, a total of 39 studies were retrieved. Only four studies
met the above-mentioned inclusion criteria and hence were
included in this review. The total number of subjects ana-
lyzed was 466. The characteristics of the included studies
and the subjects’ details are reported (Table 1). The sub-
jective voice outcome measures used were the VHI-10, self-
reported symptoms of dysphonia, voice fatigue and pho-
natory effort, and the GRBAS scale (Table 2). Objective
voice outcome measures comprised acoustic and aero-
dynamic parameters (Table 3).

VHI-10 in patients with vitamin D deficiency
Two studies used the VHI-10 questionnaire as a subjective
voice outcome measure to assess the impact of vitamin D

TABLE 1.

deficiency on voice.”””' In a study by Hamdan et al,”’
which included 19 patients with vitamin D deficiency and
19 healthy subjects with no vitamin D deficiency, the au-
thors noted no significant difference between the two sub-
groups. The mean VHI-10 score of patients with vitamin D
deficiency was 4.47 *+ 5.79 in comparison to 1.58 * 2.06 in
the control group (P = 0.052). Vitamin D deficiency was
defined as a serum vitamin level <25 ng/dL. These findings
were concurred in another study of 136 patients. Patients
with vitamin D deficiency had a mean VHI-10 score of
1.2 = 2.69 in comparison to 1.68 * 3.85 in the control
group. The difference between the two subgroups was
again not significant, with P > 0.05.”’

Self-reported phonatory symptoms in patients with
vitamin D deficiency

In a study on factors associated with the presence of vocal
nodules and voice discomfort (Odds Ratio (OR) 7.01, 95%
Confidence Interval (CI) 4.97-9.87, P < 0.000), Won et al”
found no significant correlation between serum vitamin D level
and the presence of nodules or voice discomfort
(P > 0.05). Similarly, Hamdan et al”’ reported no statistically
significant difference in the mean and frequency of vocal fa-
tigue, phonatory effort, and dysphonia in patients with vitamin
D deficiency compared to healthy subjects with normal vitamin
D levels (P > 0.05). Voice fatigue and phonatory effort were
rated from 0 to 3, with 0 being not severe and 3 being very
severe. The mean severity of vocal fatigue and phonatory effort
were 0.3 = 0.8 and 0.6 £ 0.9 in patients with vitamin D
deficiency compared to 0.1 £ 0.2 and 0.3 £ 0.7, respectively,
in patients with normal vitamin D levels.

Perceptual voice evaluation in patients with vitamin
D deficiency

A subjective assessment tool commonly used by voice care
providers to rate the extent of voice deviance is the GRBAS
scale.'” In a study that included 38 subjects, the authors
noted lower scores for grading of dysphonia, roughness,

Characteristics of the Studies Reporting Voice Outcomes in Patients with Vitamin D Deficiency

Participant Details

Study ID Study Design

Vitamin D Deficiency Group

Control Group

Won et al (2016) Cross-sectional

Data on 19,363 adults from the Korean National Health and Nutrition
Examination survey 2008-2011 was used. Two hundred fifty-eight participants

had vocal nodules on endoscopic examination.

study
Hamdan Case-control n=19
et al (2017) Males: 8 (42.1%)
Females: 11 (57.9%)
Hamdan Case-control n =60
et al (2019) Males: 22 (36.6%)
Females: 38 (63.3%)
Park and Cross-sectional
Yoo (2022) study

n=19

Males: 8 (42.1%)
Females: 11 (567.9%)
n=76

Males: 19 (25%)
Females: 57 (75%)

Thirty-four patients with subacute stroke, 18 males and 16 females were divided
into 2 subgroups: 21 patients with Vitamin D deficiency and 13 patients with

ischemic normal Vitamin D levels.
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TABLE 3 (Continued)

Objective Outcome Measure

Study ID

Aerodynamic
Parameters

Acoustic Parameters

Relative

Maximum

Voice

Harmonic-
to-Noise
Ratio

Average

Dysphonia

Phonation
Time

Turbulence
Index

Shimmer

(%)

Perturbation
(jitter) (%)
(Case vs

Fundamental Frequency

(Fo) (H2)

Severity Index

(Case vs

Habitual Pitch (Hz)

Control)
All

Control)

(Case vs
All

Control)
All

(Case vs

Control)
All

(Case vs

Control)
All

(Case vs

Control)
All

(Case vs Control)

Male

(Case vs Control)

Female

Female

Male

DSI of /i/":

R

MPT of /i/*:

0.639

0.254
MPT of /u/*:

R

R =

DSI of /u/';

R

0.486

0.147

DSI of /ae/':

R

MPT of /ae/*:

0.375

0.052

R =

minimum intensity).

highest fundamental frequency; I-low

0.13 x MPT + 0.0053 x Fq High — 0.26 x I-low — 1.18 x Jitter + 12.4 (F, High

Notes: DSI

No significant difference in the mean score between cases and control.
T Statistically significant difference in the mean score between cases and control.

*

breathiness, asthenia, and straining in those with vitamin D
deficiency in comparison to the control group, although the
difference was not statistically different.”” None of the
other three studies included in this review used the GRBAS
in the evaluation of voice disorders in patients with vitamin
D deficiency.

Acoustic/aerodynamic parameters in patients with
vitamin D deficiency

Hamdan et al”’ found no significant difference in the
acoustic measures between patients with vitamin D defi-
ciency and controls. Similarly, there was no significant
difference in MPT between patients with vitamin D defi-
ciency and those without vitamin D deficiency
(P > 0.05). In a recent study on hospitalized stroke pa-
tients, Park and Yoo’ showed lower DSI values for the
vowel /u/ in patients with vitamin D deficiency compared to
the control group, thus indicating more severe dysphonia
(P = 0.001). Their study also showed that the serum vi-
tamin D level was a significant predictor of the DSI of the
vowels /a/, /u/, /i/, and /ae/ but not of the MPT of the same
vowels. None of the other included studies evaluated the
acoustic and aerodynamic parameters in patients with vi-
tamin D deficiency.

DISCUSSION

Vitamin D deficiency has been linked to many systemic
diseases among which are diseases of the musculoskeletal
system.”* ** The relationship between vitamin D and
muscle function was first reported in 1966 by Neville and
DeLuca” in their description of VDRs in rat muscle ex-
tracts. Since then, numerous studies have corroborated the
strong interplay between vitamin D, muscle growth, and
function. Irazoqui et al’’ examined VDR in skeletal mus-
cles and concluded that binding of the ligand to its receptor
induces a peak activity in the cell synthesis phase and a
concomitant arrest in the resting phase, thereby promoting
skeletal muscle cell differentiation and proliferation. These
findings were further supported by Girgis et al,’' suggesting
that with the binding of vitamin D to its cell membrane
receptor, there is an augmentation of calcium release from
the sarcoplasmic reticulum, causing enhanced movement of
myosin over actin and greater contractile muscle unit force.

Based on the above, vitamin D deficiency has been as-
sociated with poor physical performance, hypotonia,
myalgia, myopathy, and decline in activity, particularly in
the elderly.'®* *° In 2003, Visser et al’® reported that pa-
tients with vitamin D deficiency had 2.57 times less grip
strength and 2.14 times less muscle mass compared to
healthy subjects. In 2009, Oh et al’’ measured muscle
torque of both normal and affected shoulders in 366 pa-
tients and concluded that serum vitamin D level correlated
negatively with the fatty degeneration of the rotator cuff
muscles and positively with isokinetic muscle torque. Few
studies investigated the impact of vitamin D deficiency on
voice. The results of our systematic review indicate that
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vitamin D deficiency has no significant effect on voice, al-
though its impact on other musculoskeletal structures has
been well documented in the literature. Using the VHI-10
questionnaire and the GRBAS scale, studies have shown
no significant difference in self-reported dysphonia and
perceptual voice evaluation between patients with vitamin
D hypovitaminosis and normal subjects. Moreover, there
was no statistically significant difference in any of the
acoustic measures between those with or without vitamin D
deficiency. In only one study, it was shown that patients
with vitamin D deficiency had lower DSI for vowel /u/
compared to subjects with normal vitamin D levels.”” The
DSI is a correlate of perceptual evaluation that is based on
selected voice parameters, namely jitter, highest frequency,
lowest intensity, and MPT.*"

The lack of adverse effects of vitamin D deficiency on
voice can be ascribed to the known differences between
laryngeal and skeletal muscles at the macroscopic and mi-
croscopic levels. Ibebunjo et al’” noted that type Ila fibers,
characterized by fast contractility and intermediate fatigue
resistance, predominate in laryngeal muscles, whereas type
IIb fibers, characterized by fast contractility and low fatigue
resistance, are more prevalent in skeletal muscles such as the
gastrocnemius. In another study, Malmgren and Gacek™
noted the predominance of slow contractile type I fibers in
the Posterior Cricoarytenoid muscle in comparison to the
predominance of type IIb fibers in the adductor muscles.

CONCLUSION

While it is well-established that vitamin D deficiency can
lead to adverse effects on the musculoskeletal system,
there is no agreement in the literature regarding whether
patients with vitamin D deficiency have a higher pre-
valence of voice symptoms or disorders in comparison to
healthy individuals. This could be attributed to the dis-
tinctive histological characteristics of intrinsic laryngeal
fibers compared to other musculoskeletal structures.
Future research with larger sample sizes is required to
validate these findings and examine the longitudinal im-
pact of vitamin D deficiency on voice, particularly in
professional voice users who are at significant risk, given
their high vocal demand.
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