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ABSTRACT

Background: Airborne Low Intensity Multi Frequency Ultrasound (ALIMFUS)
is a novel add-on therapy mechanical therapy working on low intensity
ultrasonography principle.

Materials and methods: This was an open label, self-controlled cross over,
single centre, interventional, prospective clinical study, to study efficacy and
safety of ALIMFUS in type Il Diabetes using ambulatory glucose monitoring
methods.

Results: After screening the subjects (n=48), 33 patients were included.
There were 17 male (51.51%) and 16 female (48.48%) with mean age
52.3919.39 years and duration of diabetes was 7.5113.27 years. All the
subjects were on 2/3 oral hypoglycemic agents with none being on insulin.
42.42% had dyslipidaemia and 33.33% had hypertension. There was an
increase in time in range (65.96119.72 to 66.73+19.92 mg/dL and time
above range (26.401£22.51 to 27.21£21.01 mg/dL), there was reduction
in time below range (7.64%£11.66 to 6.06112.33 mg/dL). There was
significant reduction in Hba1C (8.07+0.90 % to 7.8710.80 %, p 0.010),
VLDL (31.07£18.13 to 28.54%£14.52, p 0.001) and Total cholesterol: High
density lipoprotein levels (3.6410.75 to 3.4510.67, p 0.010). Global
assessment of overall efficacy by the investigator showed 68.74% had much
improvement /no change. None had adverse events with good tolerability in
all.

Conclusions: Airborne Low Intensity Multi Frequency Ultrasound showed
significant HbA1C reduction and no significant change in ambulatory glucose
monitoring parameters. ALIMFUS may be considered as an non-invasive,
safe and well tolerated add-on novel technology in patients with
uncontrolled glycemia.
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Introduction:

Diabetes mellitus, a condition marked by elevated blood
sugar levels and heightened cardiovascular risk, is
becoming increasingly common, especially in developing
nations.! The metabolic characteristics of Asian Indians
are distinct, having higher levels of abdominal obesity
and visceral fat, with insulin resistance, dyslipidemia, and
elevated inflammatory markers. All of these contribute to
an increased risk of diabetes and early cardiovascular
disease. The age of onset of type 2 Diabetes is also
lower.2 Current treatments for diabetes consist of dietary
and lifestyle changes, as well as oral medications and
injectable therapies, which can effectively manage the
condition but may sometimes cause side effects like
gastrointestinal discomfort, hypoglycaemia, weight gain,
etc. Resistance to oral hypoglycaemic agents leading to
therapeutic failure can evolve over the course of
treatment.3 Research for effective and safer treatment
options as monotherapy or as add-on is ongoing.

Prevalence of usage of complementary and alternative
therapies varies from 39 to 68% in India for treatment
of diabetes.# These alternative therapies are used in as
an add on with conventional treatments rather than as
replacements. In India, a wide range of herbal remedies,
including Ayurvedic, Unani, Homeopathic, and Siddha
preparations, are commonly utilized, but there is a lack
of robust data on their effectiveness, and questions
remain about their safety, especially heavy metal
toxicity.> Yoga, acupuncture, biofeedback, aromatic
therapy and hydrotherapy are physical therapy
modalities which are used as alternatives to conventional
therapies. Ultrasound is a promising modality as a form
of physical therapy.

Ultrasound consists of mechanical waves created by a
piezoelectric crystal, with frequencies that exceed human
hearing capabilities. The biological effects of therapeutic
ultrasound differ according to the frequency and intensity
of the waves used. High-intensity ultrasound tends to
produce thermal effects, while low-intensity ultrasound
primarily generates mechanical (compression) effects®-
Airborne  Low-Intensity  Multi-frequency  Ultrasound
(ALIMFUS)-GLUCOSTIM operates on the principle of low-
intensity ultrasound, generating sound waves between 20
kHz and 65 kHz using quartz crystals and advanced
Vibron technology. It utilizes both thermal and non-
thermal effects through mechanisms such as sonophoresis,
sonoporation, and acoustic streaming.”-?

HbA1C is conventionally used as a marker of glycaemic
control and to monitor complications however it does not
reflect glycaemic variability adequately. Ambulatory
glucose monitoring (AGM) is being increasingly used to
overcome the shortcomings of conventional measures.
Measures such as time in range (TIR), time below range
(TBR), time above range (TAR) gives a more accurate
representation of glycaemic control, hypoglycaemic and
hyperglycaemic events. American Diabetes Association

(ADA) recommends TIR above 70% as a therapeutic goal.
10,11

A clinical trial assessing the efficacy and safety of
ALIMFUS revealed a modest and statistically insignificant
reduction in HbATc, quality of life scores, and
inflammation markers compared to the placebo group.

However, there was a notable improvement in lipid
profiles, as well as fasting and postprandial glucose
levels in participants with HbA1c greater than 8%.° Data
on AGM in patients using ALIMFUS is scarce, we aimed
to evaluate the efficacy and safety of ALIMFUS-
GLUCOSTIM as an add-on therapy to OHAs in Type I
Diabetic Patients using AGM.

Materials and Methods:

This was an open label, self-controlled cross over, single
centre, interventional, prospective clinical study which was
conducted after approval from Ethics Committee. The
study was registered in the clinical trial registry of India
(CTRI/2022/09/045734) and patients were enrolled
between Nov 2022 to Jan 2023. Informed consent was
obtained in writing from each participant prior to their
inclusion in the study.

Patients:

18-70 year old Patients with uncontrolled Type 2
Diabetes with HbA1C 7-10% on stable dose of 2-3
OHAs for the last 8 weeks were screened for inclusion.
The patients were excluded if they had renal disease,
chronic kidney disease (estimated glomerular filtration
rate <60 ml/min/1.73m2), active malignancy,
tuberculosis, recent significant cardiovascular event in the
last 12 weeks, acute complications of diabetes like
ketoacidosis or hyperosmolar nonketotic
hyperglycaemia, severe peripheral vascular disease,
severe non-proliferative or proliferative diabetic
retinopathy or macular edema, diabetic foot disease
requiring treatment, human immunodeficiency virus (HIV),
Hepatitis B or C, recent use investigational drug within
one month, pregnancy and lactation. All those with known
hypersensitivity to ultrasound or skin allergy.

Intervention:

After recruiting the patients ambulatory glucose
monitoring (AGM) was applied on the arm of the subject
throughout study period (14 days). Subjects were
allowed to continue their OHAs without exposing to
“Glucostim” an ALIMFUS device being manufactured by
maser electronics with exclusive authorization to aquatic
remedies Pvt. Ltd. for the first 5 days. From the 6™ day
onwards to 14" Day subjects were called at the study site
and exposure to ALIMFUS was given for 20 minutes as
per the standard protocol for ALIMFUS therapy as
follows.

Protocol for ALIMFUS therapy.

e Select a quiet and peaceful place to sit with
minimum disturbance.

e Sit on a chair at a distance of 5 feet, as
shown in the below figure with your clothes
on so that maximum part of your abdomen
gets exposed to the sound waves

e Plug the device - Glucostim at on standard
110/230 V AC electrical outlet, it will emit
a ‘beep’ tone and the LED on the front panel
will start blinking.

e Device will emit a start tune and the light
emitting diode (LED) on the front panel will
start blinking.

e After 20 minutes at the second beep sound,
the unit will stop emitting any further sound
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waves.

e Close the device and perform your regular
activities thereafter.

Assessment of efficacy and safety:

Primary objectives for evaluation of efficacy and safety,
were percentage change in glycaemic control through
evaluation of time in range (TIR), time below range
(TBW), time above range (TAR) with 9 days of ALIMUS
treatment and change in daily average blood sugars on
day 5 + 2 days and day 14 + 2 days, HbA1c% from
baseline to day 14. Secondary objectives were changes
in Hemogram, CRP, Vitamin D, homocysteine and lipid
profile before and after exposure to ALIMFUS. Global
assessment of overall change after treatment, tolerability
of ALIMFUS by investigator and subject and assessment
of adverse events.

Statistical analysis:

SPSS version 25.0 (IBM, Armonk, NY) software was used
for analysis. Quantitative measures were expressed as
mean t standard deviation, or median with range as
applicable. Chi-Square test was used for categorical
data and t-test was used for qualitative variables. Paired
t-test was performed for the difference between baseline
and post-intervention. Two-sided significance test was
used for all p values, and all the statistical tests were
interpreted at least up to 5% level of significance.
Intention to treat population and per-protocol population
analysis was used for the analysis of efficacy variables.
Those who did not complete the study schedule, the values
of the last visit were considered for final analysis (Last
Observation Carry Forward) for intent to treat analysis.
All patients who had received at least one exposure were
conserved for safety analysis.

Results:

A total of 48 subjects were screened in the study of which
15 were screen failures and 33 subjects were recruited
(Figure 1). All 33 subjects completed the study and there
were no drop-outs. All the cases that completed the study
considered as “Per Protocol Population” as per protocol.
Also, all the cases who had been exposed to ALIMFUS
were considered as “safety population” and were
evaluated. There were 17 male (51.51%) subjects and
16 female (48.48%). The mean (SD) age was 52.39
(9.39) years and mean (SD) duration of diabetes being
7.51 (3.27) years. All the subjects participating in the
study were on 2 to 3 OHAs with none being on insulin.
42.42% patients had dyslipidaemia and 33.33% of
patients had hypertension.

Table 1: Baseline Characteristics

Total no. of Subject Screened

(n=48)

Total no. of Screen Failure (n=15)

1. Not meeting exclusive/inclusive
criteria (n=135)
2. Refuse to participate (n=0)

Recruited in the study (n=33)
Total Dropout (n=0)
Lost to follow up (n =0)
Withdrew Consent due to ADR (n =0)

Discontinued intervention (n =0)
Others (n=00)

LTI s

Total Completers (n=33) ‘

1. Analyzed (n=33)
2. Excluded from analysis (n =0)

Figure 1: Identification and exclusion of patients
included in this study

There was an increase in mean (SD) time in range (TIR)
from an average of 65.96 (19.72) to 66.73 (19.92)
mg/dL [non-significant (NS)] and time above range (TAR)
increased from 26.40 (22.51) to 27.21 (21.01) mg/dL
NS, before and after exposure to ALIMFUS. There was
reduction in mean (SD) time below range (TBR) 7.64
(11.66) to 6.06 (12.33) mg/dL, NS. However, there was
a significant reduction in mean (SD) Hba1C 8.07 (0.90)
% to 7.87 (0.80) %, p value .011 at the end of study (14
days). There was significant reduction in mean (SD)
TC:HDL levels (3.64 (0.75) to 3.45 (0.67), p value .012)
before and after treatment. (Tables 1 & 2)

There was no significant change seen in other secondary
objective parameters such as CRP, Homocysteine and
Vitamin D3. Global assessment of overall efficacy by the
investigator showed 13/32 subjects (40.62%) reported
no change, 9/32 (28.12%) had improvement while
10/32 subjects (31.25%) had minimal worsening in their
condition. None of the participants experienced any
adverse events during the course of the study and showed
no intolerance with exposure to ALIMFUS on global
assessment of overall tolerability. (Tables 1 & 2)

Parameter

No. of participant/Value

Total Participants

33

Mean Age in Years (SD)

52.39 (9.39) (range 27-70 years)

Male

17 (51.51%)

Female

16 (48.48%)

Clinical features

Systolic blood pressure, mean (SD)

134.18 (15.35)

Diastolic blood pressure, mean (SD)

81.90 (10.42)

Heart rate, mean (SD)

85.09 (11.95)

Respiratory rate, mean (SD)

13.72 (1.64)
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Parameter

No. of participant/Value

Laboratory features

Average Blood glucose levels, AGM, mean (SD)

148.93 (38.29)

Hba1C, mean (SD)

8.07 (0.90)

Haemoglobin, mean (SD)

12.62 (1.75)

ESR, mean (SD)

15.06 (11.62)

Diabetes history

Average duration of Diabetes, mean (SD)

7.51 (3.27) years

Type of Oral Antidiabetic Medications

Dipeptidyl peptidase-4 inhibitor 28/33
Metformin 24/33
Sulphonyl urea 23/33
Thiazolidinedione 9/33
SGLT2 inhibitor 5/33
Alpha glucosidase inhibitor 2/33

Number of Oral Antidiabetic Medications 1, 2, 3, 4, 5

(3.03%)

2 (6.06%), 9 (27.27%), 18 (54.54%), 3 (9.09%), 1

Co-morbidities

Dyslipidemia

14/33 (42.42%)

Hypertension

11/33 (33.33%)

Table 2: Outcomes of patients after treatment with ALIMFUS

Primary outcomes
AGM Characteristics Before Treatment (BT) After Treatment (AT) P valve
(n=33) (n=33)
TIR, Mean (SD) 65.96 (19.72) 66.73 (19.92) 0.766
TBR, Mean (SD) 7.64 (11.66) 6.06 (12.33) 0.172
TAR, Mean (SD) 26.40 (22.51) 27.21 (21.01) 0.7631
BSL, Mean (SD) 148.93 (38.29) 149.11 (32.81) 0.963
HbA1c % , Mean (SD) 8.07 (0.90) 7.87 (0.80) 0.011
Secondary outcomes Baseline (n=33) End of study (14 Days) | P value
n=33

Total cholesterol (mg/dL), Mean (SD) 169.95 (40.80) (164.72)3 (37.84) 0.224
Serum. Triglycerides (mg/dL), Mean (SD) 155.35 (90.65) 142.59 (72.67) 0.214
LDL (mg/dL), Mean (SD) 106.51 (31.31) 104.81 (30.50) 0.537
HDL (mg/dL), Mean (SD) 47.41 (10.84) 48.26 (8.91) 0.431
VLDL (mg/dL), Mean (SD) 31.07 (18.13) 28.54 (14.52) 0.218
TC: HDL, Mean (SD) 3.64 (0.75) 3.45 (0.67) 0.012
LDL: HDL, Mean (SD) 2.27 (0.58) 2.19 (0.57) 0.130
CRP (mg/L), Mean (SD) 0.56 (0.69) 0.46 (0.42) 0.384
Serum. Homocysteine (umol/L), Mean (SD) 16.32 (7.22) 15.97 (6.79) 0.503
Vitamin D3 (nmol/L), Mean (SD) 25.67 (21.46) 27.11 (25.21) 0.308

Global assessment of overall efficacy by
investigator (n=32)

No change: 13 (40.62%)

Much improved: 9 (28.12%)
Minimal worsening: 10 (31.25%)

Safety Parameters (n=33)

Any adverse events

0/33 (0%)

Global assessment of overall tolerability

Excellent overall safety: 33/33 (100%)

Note —AGM advanced glucose monitoring, TIR denotes

BSL denotes average blood glucose, BT denotes —Average of first 5 days prior of exposure to ALIMFUS AT denotes — Average of

percentage of Time in Range for blood Glucose levels, TBR denotes
percentage of time below range for blood glucose levels and TAR denotes percentage of time above range for blood glucose levels.

next 9 days of exposure to ALIMFUS. BT- Average values from 15t Day to 5" Day and AT Average values from 6™ Day to 14" Day.
LDL low density lipoprotein, HDL high density lipoprotein, VLDL very low density lipoprotein, TC total cholesterol, CRP C reactive

protein.

Discussion:

This present study conducted to evaluate efficacy and
safety of ALIMFUS, as an add-on Therapy in Type I
Diabetic Patients to oral hypoglycaemic agents using
ambulatory glucose monitoring. ALIMFUS showed no

statistically significant change in time in range (TIR), time
below range (TBR), time above range (TAR) and daily
average blood glucose level, however there was a
significant reduction in HbA1C% after therapy.
Secondary outcomes of Total Cholesterol (TC): High
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density lipoprotein (HDL) ratio reduced significantly with
therapy. The therapy was safe with no device or
intervention-related adverse events.

HbA1C used a primary tool used for assessment of
glycaemic control can have limitations as it is an indirect
measure and multiple non glycaemic factors can affect its
measurement. Ambulatory glucose monitoring (AGM) is
being increasingly used to overcome these, AGM
parameter especially time in range (TIR) is associated
with microvascular complications risk. Continuous glucose
monitoring (CGM) is recommended to be used in type 1
and type 2 diabetic patients, especially those with
multiple daily injections, which measures interstitial
glucose. There can be variation in the accuracy of
commonly used blood glucose monitoring devices.!-13
Previous studies using ALIMFUS have showed significant
reduction in fasting and post prandial blood glucose,
however ambulatory glucose monitoring (AGM) has been
sparingly used. This study showed that there was no
significant difference in ambulatory glucose monitoring
(AGM) parameters after therapy-9-

The level of reduction in HbA1C with ALIMFUS used
previously was comparable to that of SGLT2 inhibitors, a
glucosidase inhibitors and DDP-4 inhibitors.%'4 However
in the present study there was significant reduction in the
HbalC but to a lesser level, this could be due to shorter
duration of follow up. HbA1C is a measure of average
glycemia which has limitation, especially conditions which
affect blood cell turnover, blood transfusions, kidney
disease or pregnancy.Ethnic variations can also be
seen.'0.15-17 The possible mechanisms of ultrasound in
improving glycaemic control proposed are increased
insulin release from beta cells. Ultrasound exposure
temporarily alters the cell membrane, causing calcium
influx that triggers the exocytosis of insulin granules. This
effect is reversible and short-lived. Mechano-transduction
leads to activation of signalling pathways eventually
leading to stimulation of mechano-sensitive membrane ion
proteins.” The other mechanisms are sonoporation where
transient alteration of cell membrane leads to increased
uptake of low and high molecular weight substances.’8
Ultrasound therapy may also play a role in improving
insulin resistance, gluconeogenesis and reducing glucagon
secretion observed previously.!?

There was significant reduction was observed in TC/HDL
ratio with ALIMFUS therapy, other parameters of lipid
profile also showed a trend towards reduction as was
observed in the previously.® The mechanism for this is not
clear, however ultrasonic lipolysis used in obese women
showed improvement in blood cholesterol levels and
abdominal fat.20

Global assessment of overall efficacy by the investigator
showed that majority of patients had no change or much
improvement with therapy (68.75%). The device was well
tolerated with no side effects in our study. Previous

studies have shown improvement in diabetes symptom
scores and quality of life scores.’?

The major limitations of our study was short duration of
follow-up and small sample size, however the use of
ALIMFUS as an add on therapy was safe with few side
effects and improvement in HbA1C and lipid profile was
noted. However larger studies are needed.

Conclusion:

Airborne Low Intensity Multi Frequency Ultrasound may
be considered as an safe, non-invasive add-on novel
technology in patients with uncontrolled glycemia. There
was no significant change in ambulatory glucose
monitoring parameters with significant HbA1C reduction.
This was a safe therapy with good tolerability. However
further long-term studies are needed to show its effective
role as an add-on therapy.
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