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persons, is subjective tinnitus. The term “chronic subjec-
tive tinnitus complaint” (CSTC) refers to an aural/audible 
sensation (noise, hissing, ringing, and/or buzzing) in the ear 
that is consciously perceived over a period of time longer 
than six months and is unrelated to external stimuli. Only 
patients can experience CSTC because doctors cannot hear 
the by-patient-reported complaints (noise, hissing, ringing, 
and/or buzzing) and detect no objective signs of ear pathol-
ogy [2].

Although CSTC is frequently associated with various 
auditory troubles for the elderly, it may also be a sign of 
other health issues/problems, such as cardiovascular risk 
factors or diseases [3, 4]. Obesity (especially the central 
form, known as apple-shaped obesity), dyslipoprotein-
aemia (DL) with atherosclerosis/arteriosclerosis, arterial 
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Abstract
Introduction  Chronic subjective tinnitus complaint (CSTC) is highly prevalent in metabolic syndrome (MS) elderly. In 60 
obese MS elderly with CSTC, studying the response of CSTC-related discomfort, MS components, and CSTC severity to 
lifestyle-modification approach was the aim of this study.
Methods  In this randomized/controlled lifestyle-modification trial, the recruitment of 60 obese MS elderly with CSTC 
from a local general hospital was randomly executed. The recruited elderly with MS and CSTC were randomly assigned to 
a study group (performed lifestyle-modification approach and the components of this 12-week approach were on-electrical 
treadmill walking plus diet restriction) or waitlist/control group (n = 30). Besides MS components/variables such as elderly’s 
waist circumference (WC), elderly’s fasting glucose in serum (FGIS), elderly’s triglycerides (TriGly), elderly’s blood pres-
sure, and elderly’s high-density lipoprotein (HDLipo), lifestyle-modification approach’s outcomes of this trial were elderly’s 
body mass index, visual analogue scale (VAS) of CSTC-related discomfort, tinnitus handicap inventory (THI), and VAS of 
CSTC severity.
Results  Tracking all outcomes of this lifestyle-modification approach in the study group (n = 30 MS elderly with CSTC) 
showed significant improvements while the control group’s outcome did not improve.
Conclusion  BMI, VAS of CSTC severity, components of MS (WC, FGIS, blood pressure, TriGly, and HDLipo), THI, and 
VAS of CSTC-related discomfort could be improved after involving obese MS elderly with CSTS in a 12-week lifestyle-
modification approach.
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hypertension (AH), and diabetes mellitus (DM) or insulin 
resistance (IR)– as defining components of metabolic syn-
drome (MS) [5–7] - are significant and frequent causes of 
CSTC [3].

The prevalence of CATC in MS patients may be 
explained by MS-related variables/components. For the first 
component of MS, obesity, according to Gallus et al. [8], 
those with a body mass index (BMI) > 30 kg/m2 had a higher 
prevalence of CSTC than people with a normal BMI (i.e. 
30 kg/m2). Obesity has been identified as a causative/induc-
ing factor for CSTC along with its significantly linked ele-
vated levels of oxidative stress (OS) and chronic systemic 
inflammation [9].

Regarding the second component of MS, AH, the mecha-
nism behind the association of AH and tinnitus is not well 
known. According to animal studies/experiments, AH may 
trigger the development of present tinnitus complaints or 
exacerbate previous tinnitus complaints by two main pro-
cesses/mechanisms, high blood pressure may negatively 
impact the cochlear microcirculation, and many antihyper-
tensive pharmacotherapies may cause local toxicity of ear 
tissues [10].

Regarding the third component of MS, diabetes melli-
tus or IR, the mechanism behind the association of IR, DM, 
and tinnitus is sophisticated. Like the brain, the inner ear’s 
functions are dependent on levels of energy reserves. The 
circulating levels of blood oxygen and glucose are directly 
responsible for the inner ear’s metabolism and functions. 
Changes/alternations in glucose metabolism have a high 
potential to impair the inner ear’s functionality [3]. Also, 
DM-induced complications such as local endothelial dys-
function, cochlear microangiopathy, the elevation of OS and 
chronic systemic inflammation, and auditory neuropathy 
have great potential for disturbing the inner ear’s functions, 
hence tinnitus may appear [11].

Regarding the fourth component of MS, DL, the mecha-
nism behind the association of DL and CSTC is documented. 
The possible contributors or mechanisms for DL-induced 
CSTC include a buildup of lipoproteins in the ear’s arte-
rial walls, compromised cochlear and ear microcirculation, 
intensified local OS, chronic arteriosclerotic and vaso-
constricting changes of ear’s blood vessels, and impaired 
cochlear metabolism/oxygenation [12].

Because the available therapies for CSTC are so inef-
fective, both patients and otorhinolaryngology doctors fre-
quently experience frustration with this medical condition/
problem. Many people with CSTC are particularly receptive 
to and favor the use of complementary/alternative therapies 
[2]. Tinnitus retraining protocols, counseling, cognitive and 
behavioral therapies, and auditory/tinnitus sound therapy 
can be very expensive and have varying degrees of success/
efficacy [13].

A recent non-expensive complementary/alternative 
approach utilizing diet restriction with increased exertion 
levels was recommended as a treatment of obesity-associ-
ated CSTC. This approach was associated with an improve-
ment in tinnitus symptoms and CSTC-related quality of life 
(QoL) [14, 15].

Investigating the effect of this approach on CSTC in the 
elderly with MS components (obesity, DL, IR and/or DM, 
and AH) was not explored before. This paper’s aim was the 
first of its type to explore the effect of a lifestyle-modifica-
tion intervention (12 weeks of diet restriction with increased 
exertion levels) on CSTC in elderly with MS.

Materials and methods

Design

The identifier of this lifestyle-modification approach is 
NCT06702085. In patients with MS and CSTC, authors 
employed a randomized controlled lifestyle-modification 
approach during the period from 1st January 2024 to 1st 
January 2025.

Settings

Patients with MS and CSTC were recruited from Mit Ghamr 
(Dakadous) general hospital.

Ethics of this CSTC study

Besides Helsinki guidelines/ethics in lifestyle-modifica-
tion trials, consenting patients with MS and CSTC were 
applied. To apply the lifestyle-modification approach in 
patients with MS and CSTC, local institutional clearance 
(P.T.REC/012/004623) was obtained.

Subjects

In this lifestyle-modification trial, CSTC patients with 
class-I obesity were included. Over a period of time longer 
than six months, MS patients (n = 60) aged ≥ 65 years old 
had bilateral CSTC.

Three or more indicators defined MS in the older par-
ticipants: (i) women’s waist circumference (WC) ≥ 88 cm or 
men’s WC ≥ 102 cm, (ii) receiving pharmacological thera-
pies for AH or having AR ≥ 130/85 mmHg, (iii) having at 
least one component of DL (i.e. men’s low high-density lipo-
protein (HDLipo) < 40  mg/dl, women’s HDLipo < 50  mg/
dl, and/or elderly’s triglycerides (TriGly) ≥ 150  mg/dl, 
(IV) having IR (i.e. elderly’s fasting glucose in serum 
(FGIS) ≥ 110 mg/dl [5].
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Metabolic-syndrome elderly with liver or kidney dis-
eases, by-physician reported previous or recently diagnosed 
local ear diseases and/or trauma, cardiorespiratory disor-
ders, ear tumors, joint problems in lower limbs, alcohol or 
illegal drug consumption, unstable psychological status, 
partial/complete hearing loss, and neurologic/cerebral dis-
order were ruled out.

Randomization

Metabolic-syndrome elderly with CSTC were randomly 
assigned to the trial’s study or control groups. The study 
group (n = 30 MS elderly with CSTC) received a lifestyle-
modification approach, a program of diet restriction and 
treadmill walking exercise for 12 weeks). The MS elderly 
with CSTC in the control group were waitlist participants 

(n = 30) (Fig. 1). Randomization of MS elderly with CSTC 
was done via the closed envelope allocation. The person (a 
physiotherapy graduate) who performed the allocation of 
MS elderly with CSTC was not informed of the nature of 
the intervention.

Lifestyle-modification approach’s components in MS 
elderly with CSTC

A) Diet-restriction component

Older participants with MS and CSTC followed the diet-
restriction component of the approach (the CSTC partici-
pants’ diet was limited to 20–30% fatty components, 10–15% 
protein components, and 55–65% carbohydrate compo-
nents). About 500 kilocalories per day were subtracted from 

Fig. 1  Flow chart of the sixty elderly with metabolic syndrome and tinnitus during the trail.

 

1 3



European Archives of Oto-Rhino-Laryngology

when a drop in MS elderly’s total THI score occurred, an 
improvement in CSTC-related QoL was considered [1, 12].

Body mass index

BMI was calculated by dividing MS older adult’s weight in 
Kg on MS older adult’s squared height in meters.

Components/variables of MS

CSTC seniors’ manually-measured blood pressure, CSTC 
seniors’ WC (an elastic tape was used to evaluate it), CSTC 
seniors’ FGIS (assessed with a glucose meter), and CSTC 
seniors’ serum TriGly and HDLipo (assessed with a blood 
analyzer) were assessed as components/variables of older 
participants’ MS.

Blinding

Assessors of MS seniors’ BMI, VAS of CSTC severity, 
VAS of CSTC-related discomfort, components of MS, and 
THI were blinded to the designed lifestyle-modification 
approach.

Power analysis of MS elderly with CSTC

The effect size of VAS of CSTC severity was 0.82. This 
effect size was a result of 16 pilot-trial elderly with MS and 
CSTC. Fifty persons with MS and CSTC were required 
as recommendations of this pilot trial, but 10 elderly were 
added. The power of this test was calculated at 80%.

Statistical analysis

To be noted, all data of MS seniors with CSTC were nor-
mally distributed (the Smirnov test confirmed this notice 
in this lifestyle-modification trial). Pre-interventional sta-
tistical differences in MS seniors’ age and CSTC duration 
between CSTC groups were assessed via the unpaired test. 
The pre-interventional statistical difference of MS seniors’ 
sex between CSTC groups was assessed via the Chi-square 
test. Within or between groups of MS and CSTC, the statis-
tical difference of MS seniors’ BMI, VAS of CSTC sever-
ity, VAS of CSTC-related discomfort, components of MS, 
and THI was assessed via repeated measure ANOVA. In this 
lifestyle-modification approach conducted on MS elderly 
with CSTC, the P value’s significance was < 0.05.

CSTC participants’ basal metabolic rate (BMR) to manage 
the diet restriction component of the approach [16].

BMR of MS men with CSTC was managed/calculated 
from the Harris-Benedict equation/formula. BMR of CSTC 
men = 66.4730 + 13.7516 x CSTS men’s body mass in kilo-
grams + 5.0033 x CSTC men’s height in centimeters– 6.7550 
x CSTC men’s age in years [17].

BMR of MS women with CSTC was managed/calculated 
from the Harris-Benedict equation/formula. BMR of CSTC 
women = 655.0955 + 9.5634 x CSTS women’s body mass 
in kilograms + 1.8496 x CSTC women’s height in centime-
ters– 4.6756 x CSTC women’s age in years [17]. To track 
the CSTC elderly’s adherence to the diet-restriction compo-
nent of the approach, a weekly face-to-face pre-scheduled 
appointment/interview was performed.

B) exercise component

A forty-minute on-treadmill (electric treadmill) walking 
class (3 classes per week) for seniors with MS and CSTC 
was provided. The walking class was broken down into sec-
tions for all of the obese elderly with MS and CSTC. Prior 
to and following CSTC seniors’ primary physical exertion 
section (this main CSTC seniors’ exercise stage was a 0.5-
hour walking on the trial’s electric treadmill at 60–70% of 
CSTC seniors’ maximum heart rate), walking at 40–50% of 
CSTC seniors’ maximal heart rate was performed. It is per-
formed before (as a warming section) and after (as a cooling 
section) CSTC seniors’ primary exercise Section. [7].

Primary outcome (CSTC severity)

A 10-cm visual analogue scale (VAS) was used to assess 
MS seniors’ primary outcome of this trial, the severity of 
CSTC. The start of VAS denoted no severity of CSTC and 
the end of VAS denoted maximal severity of CSTC.

Secondary outcomes

CSTC-related discomfort

Also, MS seniors’ CSTC-related discomfort was assessed 
using VAS. The start of VAS denoted no CSTC-related dis-
comfort and the end of VAS denoted maximal CSTC-related 
discomfort.

Tinnitus handicap inventory

CSTC-related QoL in MS elderly was evaluated via tinni-
tus handicap inventory (THI). It is a 25-item QoL-assessing 
questionnaire in CSTC. In this lifestyle-modification trial, 
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The mechanism explains the improvement in metabolic 
syndrome–associated THI, CSTC severity, and CSTC-
related discomfort after a 12-week lifestyle modification 
approach (exercise with diet restriction) in obese MS elderly 
with CSTC is relatively unknown.

Tinnitus manifestations may occur from a rise in uncon-
trolled/spontaneous neuronal firing in the ear’s cochlea 
brought on by distress. Regular physical exertion has been 
proven to lower CSTC-associated symptoms of depression, 
anxiety, and QoL, which attenuates spontaneous in-cochlea 
neuronal firing [13].

According to the theory put forth by Loprinzi et al. [13] 
and Carpenter-Thompson et al. [18], physical exertion 
causes an increase in blood flow to the ear’s cochlea, which 
leads to an improvement in CSTC.

During exercise elevated heart rates may be associated 
with symptomatic relief of CSTC as a result of an increase 
in exercised individuals’ cardiac output (CO) and stroke 
volume (SV). Elevated cardiac distention, as a result of 
increased CO and SV, inhibits efferent sympathetic activity 
to exercised individuals’ ears [19]. This theory may explain 
the improved noise, ringing, and buzzing in the ears of our 
metabolic syndrome patients.

Regular physical exertion may help diabetic patients’ 
hearing functions last longer. Exercise-preventing or attenu-
ating diabetic complications (increased platelet aggregation 
and blood viscosity, cochlear microangiopathy, ischemic 
cochlear injury, elevated cerebrospinal fluid’s blood glu-
cose, auditory neuropathic changes in the central nervous 
system, and DM-induced encephalopathy) may prevent 
deterioration of hearing functions, lower inner-ear damage, 
and decrease the perception of loud sounds heard by tinnitus 
patients [11].

Regular physical exertion is linked to enhanced vascu-
lar/endothelial structure and functions, lower overall/sys-
temic inflammation, decreased blood flow resistance, and 
attenuated blood pressure, all of which may, in theory, have 
an impact on DM-associated cochlear microangiopathy. 
Improvement of DM-associated cochlear microangiopa-
thy could enhance CSTC. Also, physical exertion-induced 
increase in neurotrophic factor expression may help to 
attenuate aging- or DM-induced auditory neuropathy, hence 
CSTC improves [11].

Supporting us, studies reported that tinnitus complaints 
are low in physically active persons than in sedentary ones 
[13, 18, 20]. Also, the results of an online survey– con-
ducted in 2015 - supported our results because this survey 
reported that physically active adults have good scores of 
tinnitus-related QoL and tinnitus severity than sedentary 
ones [18]. Also, old evidence suggested a strong role of 
exercise in protecting/preserving the functions of the central 
auditory system because physical aerobic exertion/training 

Results

The between-group non-significant differences in MS 
seniors’ WC, MS seniors’ sex distribution/difference, MS 
seniors’ CSTC duration, MS seniors’ age, and MS seniors’ 
BMI are shown in Table 1 before starting the lifestyle-mod-
ification approach in MS elderly with CSTC.

The between-group non-significant difference in TriGly, 
VAS of CSTC severity, MS seniors’ blood pressure, VAS of 
CSTC-related discomfort, HDLipo, MS seniors’ THI, and 
FGIS is shown in Table 2 before starting the lifestyle-modi-
fication approach in MS elderly with CSTC.

While ANOVA reported no significant changes within 
the control group’s TriGly, BMI, VAS of CSTC severity, 
blood pressure, VAS of CSTC-related discomfort, HDLipo, 
THI, FGIS, and WC, these parameters showed significant 
improvements within the study group after completing the 
lifestyle-modification approach (Table 2).

With a superiority for the study group, after complet-
ing the lifestyle-modification approach in MS elderly with 
CSTC, post-interventional between-group comparison/
matching showed significant improvements in all trial mea-
sures (TriGly, BMI, VAS of CSTC severity, blood pressure, 
VAS of CSTC-related discomfort, HDLipo, THI, FGIS, and 
WC) (Table 2).

Discussion

In MS seniors with CSTC, besides improvements in BMI 
and components/variables of metabolic syndrome (HDLipo, 
FGIS, WC, TriGly, and blood pressure), the 12-week life-
style-modification approach reduces THI, CSTC severity, 
and CSTC-related discomfort.

Table 1  The based data of MeTS elderly with tinnitus complaint 
(Mean ± standard deviation)
The before-lifestyle modifi-
cation data

Lifestyle 
changes group

Non-lifestyle 
changes 
group

P 
value

Age of MeTS elderly with 
tinnitus complaint [year]

70.03 ± 3.01 71.03 ± 4.04 0.281

Tinnitus duration in MeTS 
elderly [months]

42.70 ± 4.08 43.63 ± 4.24 0.392

Body mass index of MeTS 
elderly with tinnitus com-
plaint [kg/m2]

32.91 ± 2.23 32.72 ± 1.67 0.710

Waist circumference of 
MeTS elderly with tinnitus 
complaint [cm]

110.16 ± 12.98 114 ± 10.62 0.216

MeTS elderly’s sex (per-
centage of females)

66.66 60

The between-group before-lifestyle modification data are non-signif-
icant; MeTS: metabolic syndrome
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Regarding weight loss, a study found tinnitus complaints’ 
prevalence in obese persons is 2.14 times higher than in 
those with normal BMI (i.e. BMI < 30 kg/m2) [8]. Accord-
ingly, a reduction in CSTC patients’ excess body weight is 
expected to reduce CSTC symptoms [14, 15]. Because, after 
weight loss programs, OS and free radicals in the obese indi-
viduals’ circulatory system decrease [25]. Decreased OS is 
also known to improve CSTC symptoms [26].

Central obesity-associated increase in abdominal adipose 
tissue elevates levels of lipid peroxidation and fatty-acid 
release in obese persons’ circulatory systems evokes CSTC 
by inducing inner ear damage/dysfunction. In this direction, 

for 8 weeks enhances the exercising individuals’ auditory 
ability to recover from noise-induced auditory fatigue [21]. 
Consistent with our research, persons with DM who engage 
in physical exertion have better hearing functions than 
those who do not [11]. Also, headache - as a tinnitus-related 
symptom may increase in the absence of regular physical 
exertion among the elderly with tinnitus [22].

Again, body exercises (executed as part of a 3-month 
yoga intervention in CSTC patients) significantly improved 
THI and CSTC severity [23]. Also, CSTC-related QoL 
improved after body exercises (performed as a part of a 
3-month yoga intervention) in CSTC patients [24].

Elderly’s MeTS and tinnitus complaint variables Lifestyle 
changes group

Non-lifestyle 
changes group

Between 
groups’ 
P value

MeTS elderly’s 
Body mass 
index
(Kg/m2)

Pre-lifestyle modification 32.91 ± 2.23 32.72 ± 1.67 0.710
Post-lifestyle modification 30.76 ± 2.03 32.79 ± 1.87 < 0.001*

P-value (within groups of MeTS elderly 
with tinnitus complaints)

< 0.001* 0.703

MeTS 
elderly’s waist 
circumference
(cm)

Pre-lifestyle modification 110.16 ± 12.98 114 ± 10.62 0.216
Post-lifestyle modification 102.26 ± 14.46 114.80 ± 10.04 < 0.001*

P-value (within groups of MeTS elderly 
with tinnitus complaints)

< 0.001* 0.154

MeTS elderly’s 
systolic blood 
pressure
(mmHg)

Pre-lifestyle modification 130.83 ± 6.36 132.90 ± 16.88 0.533
Post-lifestyle modification 126.63 ± 7.23 133.60 ± 14.72 0.024*

P-value (within groups of MeTS elderly 
with tinnitus complaints)

< 0.001* 0.439

MeTS elderly’s 
diastolic blood 
pressure
(mmHg)

Pre-lifestyle modification 82.36 ± 9.47 85.36 ± 11.48 0.274
Post-lifestyle modification 78.50 ± 8.73 85.90 ± 12.99 0.012*

P-value (within groups of MeTS elderly 
with tinnitus complaints)

0.001* 0.638

MeTS elderly’s 
triglycerides
(mg/dl)

Pre-lifestyle modification 196.50 ± 94.97 199.63 ± 49.87 0.809
Post-lifestyle modification 166.66 ± 28.52 200.56 ± 51.02 0.002*

P-value (within groups of MeTS elderly 
with tinnitus complaints)

< 0.001* 0.798

MeTS elderly’s 
fasting blood 
glucose
(mg/dl)

Pre-lifestyle modification 113.40 ± 11.87 116.23 ± 11.23 0.346
Post-lifestyle modification 103.86 ± 10.68 116.93 ± 10.59 < 0.001*

P-value (within groups of MeTS elderly 
with tinnitus complaints)

< 0.001* 0.477

MeTS elderly’s 
high density 
lipoproteins
(mg/dl)

Pre-lifestyle modification 45.13 ± 7.04 43.33 ± 7.44 0.340
Post-lifestyle modification 49.16 ± 9.05 43 ± 7.03 0.005*

P-value (within groups of MeTS elderly 
with tinnitus complaints)

< 0.001* 0.620

MeTS elderly’s 
VAS tinnitus 
severity

Pre-lifestyle modification 6.90 ± 1.38 7.24 ± 1.43 0.359
Post-lifestyle modification 4.74 ± 1.28 7.38 ± 1.49 < 0.001*

P-value (within groups of MeTS elderly 
with tinnitus complaints)

< 0.001* 0.123

MeTS elderly’s 
VAS tinnitus 
discomfort

Pre-lifestyle modification 6.98 ± 1.39 7.21 ± 1.17 0.492
Post-lifestyle modification 4.08 ± 1.06 7.43 ± 1.16 < 0.001*

P-value (within groups of MeTS elderly 
with tinnitus complaints)

< 0.001* 0.190

MeTS elderly’s 
tinnitus handi-
cap inventory

Pre-lifestyle modification 49.26 ± 9.93 52.66 ± 9.28 0.176
Post-lifestyle modification 33.66 ± 9.09 53.06 ± 9.62 < 0.001*

P-value (within groups of MeTS elderly 
with tinnitus complaints)

< 0.001* 0.607

Table 2  Outcomes of elderly’s 
MeTS and tinnitus complaint 
variables (Mean ± standard 
deviation)

MeTS: metabolic syndrome; *: 
significant P value; VAS: Visual 
analogue scale
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