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Abstract

Introduction: Exposure to food odors are known to increase food intake. Olfaction declines
from age 50 years. Objective: We examined changes in the sense of smell, body weight, food
preferences, and parameters of metabolic status, following the use of a specially designed
nasal device. Methods: This is a randomized, placebo-controlled study. Participants wore a
nasal device (soft silicone insert) for 5-12 h daily (device group) or inserted 2 drops of normal
saline into each nostril daily (control group). Follow-up visits occurred every 2 weeks. All par-
ticipants were given a 500 kcal/day reduced diet and instructed not to change their regular
physical activity. Weight, food preferences, olfactory sensitivity, and blood tests were per-
formed at baseline and after 12 weeks. Results: Of 156 participants, 65 (42%) completed the
study. Sense of smell decreased in the device group (from 6.4 + 0.9 to 4.4 + 1.5, on a scale of
0-7, p < 0.001), and did not change in the control group. Weight loss decreased by 6.6 + 3.7%
(p =0.001) and by 5.7 + 3.5% (p = 0.001) in the respective groups (between-group difference,
p > 0.05). Among participants aged <50 years, weight loss was greater in the device than in
the control group (7.7 £ 4.2% vs. 4.1 + 2.9%, p = 0.02). Insulin level and the homeostatic mod-
el assessment of insulin resistance (HOMA-IR) were significantly reduced in the device group
(p = 0.02 and p = 0.01, respectively), but not in the control group. Food preferences for sugar
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(p < 0.02), sweet beverages (p < 0.001), and artificial sweeteners (p < 0.02) were significantly
reduced in the device group compared to the control group. Conclusions: The use of a nov-
el self-administrated nasal device led to reduced olfactory sensitivity, improved insulin sensi-
tivity, weight loss, and lesser preference for sweets in adults aged <50 years.

© 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Obesity is a chronic relapsing disease that is associated with several complications,
including diabetes, cardiovascular disease, musculoskeletal diseases, and cancer, as well as
increased mortality [1-4]. The underlying mechanisms of obesity are both biological and
environmental.

Olfaction is a biological factor associated with obesity. Olfaction has been shown to be
intimately linked to the endocrine system and to play an integral role in regulating appetite,
food intake, and body energy homeostasis [5, 6]. Additionally, the sense of smell is affected
by age,hormonelevels,and environmental factors. For example, olfactory sensitivity increases
through young adulthood and decreases at about age 50 years [7-12]. Hormones such as
ghrelin, leptin, insulin, and endocannabinoids affect olfactory perception and sensitivity, and
have been shown to be affected by the olfactory system in animal models and humans [6, 13,
14]. Insulin in the olfactory bulb affects smelling capacity, adiposity, and insulin resistance [5,
6,15, 16]. The interaction between the environment and olfaction is well-documented, espe-
cially in the presence of high fat and high sugar foods. The effect of the sense of smell on
appetite and food intake has been shown to be particularly strong in people with overweight/
obesity and in restrained eaters [17-20]. Moreover, there is some evidence of this relation in
adults following bariatric surgery or trauma, or in the presence of cancer. Accordingly, weight
loss and change in dietary preferences were observed in the context of a reduced sense of
smell [21-24].

Despite the well-known associations between olfaction, food intake, and obesity, studies
examining the effect of deliberate reduction in olfaction on weight loss among people with
obesity are lacking. Effects of reduced smelling capacity on food intake, obesity, and meta-
bolic function have been documented primarily in animal research [6, 25].

The aim of this pilot study was to examine olfaction, body weight, food preferences, and
metabolic status in people with obesity who used a novel nasal device to reduce olfaction
sensation.

Methods

Study Participants and Study Procedure

A 12-week randomized, placebo-controlled study was conducted among people with
obesity (BMI 30-42 kg/m?) in 2 medical centers in Israel (Rabin Medical Center, Petach Tikva
and Haemek Medical Center, Afula; NCT01534325) and approved by the Ethics Committees
of both institutions.

Persons interested in participating in the study received explanations of the study design
and aims and signed informed consent forms. The study inclusion criteria were age 18-65
years and BMI 30-42 kg/m? Exclusion criteria were a known anatomical or functional
problem of the nose, participation in a weight reduction program during the preceding 3
months, a diagnosis of diabetes mellitus, and pregnancy. Persons who were found eligible to
participate were randomized according to a 2:1 ratio to the device or control group. The
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randomization was conducted prior to the screening to enable the investigators to explain the
relevant intervention (device or drops) to the potential participants. All participants
underwent a physical examination and an examination by an ear, nose, and throat specialist;
and they also underwent blood tests and a smelling capacity test. In addition, they met with
a clinical dietician to receive counseling aimed to reduce 500 kcal from their daily diet. Partic-
ipants were instructed in using the nasal device or the nasal drops according to their group
assignment. A run-in period of 7-10 days was aimed to assess compatibility with the investi-
gational device/placebo (soft nasal insert/drops) and the capability of losing weight (>0.5 kg
of weight reduction was expected). All those who met the run-in criteria and who agreed to
participate in the study were enrolled.

Study Intervention

The investigational device (NozNoz™, developed by Beck Medical, Israel) is composed of
asoftmaterial and inserted bilaterally into the nostrils. The device directs air into the posterior
nasopharynx, bypassing the nasal olfactory epithelium. This is presumed to decrease the
sense of smell. The device group was instructed to wear the nasal device for 5-12 h daily
during the waking hours, for a period of 12 weeks, and to remove it before sleeping.

The control group was provided saline nose drops used as the placebo arm and were
instructed to place 2 drops into their nose once a day.

All participants received dietary consultation by a trained clinical dietician. This included
a baseline visit and follow-up visits every 2 weeks. At the baseline visit, the participants’ diet
history was reviewed and a 500 kcal per day reduction from their usual food intake was
prescribed. The dietitian provided each participant with a food diary to record food intake,
and the use of the device or saline drops. Follow-up visits included a meeting with the dietitian,
who evaluated the food diary, and the records of use of the device or saline drops. The partic-
ipants were encouraged to adhere to the instructions they were provided. Body weight, blood
pressure, and pulse were measured.

Assessment of the Sense of Smell

Olfactory ability was assessed using a smell test. Pure n-butanol was diluted with water
into 7 dilutions from 4 to 0.0625%, to yield a scale of 0-7. A simplified forced-choice paradigm
consisting of 3 alternating options was utilized to assess smell level. A study examiner
presented 3 bottles in random order, 2 bottles containing only water and the third bottle
containing a dilution of n-butanol. The participants’ eyes were blindfolded. Each bottle was
held at 2 cm from the participant’s nose for 3 s. The lowest concentration of n-butanol was
presented first and at each concentration at which the participant could not identify the
n-butanol, the next higher concentration was presented until s/he correctly identified the
bottle that held the chemical. The test was then repeated 3 times at the same dilution level to
confirm the olfactory threshold. If the bottle with the chemical was not identified correctly,
the next higher concentration was presented, and so forth, until the same concentration level
was recognized for 4 consecutive trials. Twenty minutes after completion of the baseline
smell test, the nasal device was inserted or the 2 drops of saline applied to each nostril. The
smell tests were then repeated. Smell was scored on a scale of 0-7, where a high score indi-
cated better smell [26].

Blood was drawn for laboratory tests at baseline and at the end of the study. Fasting low-
density lipoprotein, high-density lipoprotein, total cholesterol, triglycerides, glucose, and
insulin were measured. All laboratory tests were performed by local laboratories. Insulin
resistance was calculated by the homeostatic model assessment of insulin resistance
(HOMA-IR) [24].
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Figure 1- Participant flow chart
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Fig. 1. Participant flow chart. This figure describes the flow of participants in the intervention and control
group from screening through enrollment and completion of the study.

The participants completed a questionnaire that was designed to assess dietary habits.
Assessment was according to the dietary alteration score, as described by Aschenbrenner et
al. [24].

Statistical Analysis

Descriptive statistics were performed on the overall sample, and according to the inter-
vention groups. Baseline characteristics were compared between the intervention groups
using the x? test for categorical variables and t tests for continuous variables. Age was assessed
as a covariate (continuously) as well as by stratifying the cohort by <50 versus >50 years. The
effect of age was assessed by examining the interaction of the age groups with the inter-
vention groups. The percentage of weight reduction was the primary outcome of the study.
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Table 1. Baseline characteristics of the study participants, according to the intervention and age groups

Device group Control group p value

Number

<50 16 13

>50 21 15

All 37 28
Age, years

<50 42.2+5.75 40.4+7.47 NS

>50 59.5+4.18 57.6+4.14 NS

All 52.0£9.97 49.6+10.49 NS
Weight, kg

<50 106.0+11.30 101.6+13.44 NS

>50 99.6+14.96 104.3+13.41 NS

All 102.4+13.7 103.0+13.2 NS
BMI, kg/m?

<50 35.9£2.7 36.5+4.4 NS

>50 36.1+3.8 36.1+3.2 NS

All 36.0£3.4 36.3£3.7 NS
Insulin, pU/mL

<50 14.4+9.8 10.7+4.4 NS

>50 10.9+5.5 11.3+4.5 NS

All 12.3+7.6 11.0+4.4 NS
HOMA-IR

<50 3.6+2.4 2.6x1.2 NS

>50 2.4+1.3 2.9+1.3 NS

All 2.9+1.9 2.7+1.2 NS
Glucose, mg/dL

<50 92.2+7.1 94.2+8.6 NS

>50 96.0+11.9 101.0+11.8 NS

All 94.4+10.2 94.2+10.8 NS
Cholesterol, mg/dL

<50 180.1+70.8 191.8+37.6 NS

>50 200.6+29.0 203.2+41.4 NS

All 190.7+48.3 192.2+37.5 NS
LDL, mg/dL

<50 110.1+45.7 119.4+26.4 NS

>50 124.1+26.6 125.4+40.4 NS

All 118.5+35.4 115.8+30.6 NS
HDL, mg/dL

<50 43.2+15.5 50.6+20.4 NS

>50 54.3£19.9 53.6+24.7 NS

All 49.8+18.8 50.5+20.9 NS
Triglycerides, mg/dL

<50 127.4+61.3 108.3+32.4 NS

>50 114.5+50.0 142.2+76.5 NS

All 119.7+54.1 132.6+69.5 NS

BM]I, body mass index; HDL, high-density cholesterol; HOMA-IR, homeostasis model assessment: insulin
resistance; LDL, low-density cholesterol; M, mean; SD, standard deviation.

Outcomes of the device versus control groups were analyzed using three-way repeated-
measures ANOVA. The independent factors in the analysis were grouped by time by age.
Repeated-measures analyses were performed to examine within and between group (<50 vs.
>50 years) differences at baseline and at the end of the 12-week intervention; and to examine
differences between the interventions (device vs. control). The interaction of group by inter-
vention was assessed. The interaction of group by intervention by age (<50 vs. >50 years)
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was also assessed. T tests were conducted to identify variables that differed significantly
(p < 0.05). Confirmatory analyses were conducted that incorporated baseline values as
covariates for examining differences in group effects. The alpha level that was used as a
criterion for statistical significance was 0.05.

Additional analyses for characterizing the pattern of weight reduction during the study
were conducted, using trend analysis to test the linear to 8th order effect among both inter-
vention groups, with age (<50 and >50 years old) as an additional intervening factor. The
analyses were conducted for weight loss, body weight, and BMI and included the baseline
values. All analyses used SPSS software, version 24 (IBM SPSS Statistics for Windows, version
24.0. Armonk, NY: IBM Corp. released 2015).

Results

Study Participants

A total of 376 persons were screened for participation in the study. During the screening
and run-in period, 220 persons were found not to meet the inclusion criteria or were not
willing to participate, 165 persons from the device and 55 persons from the control groups.
The final study cohort at baseline was 156 persons (device group, n = 96; control group, n =
60). A total of 65 persons (device group, n = 37; control group, n = 28) completed the study
per protocol (total, 42%; device group, 39%; control group, 47%; Fig. 1). Baseline character-
istics of the overall sample and the intervention groups, and stratification by age group are
presented in Table 1.

Comfort and Safety of the Device

Eighty-five percent of the participants aged <50 years and 65% of participants age >50
years rated the device as comfortable or very comfortable. No serious adverse events were
reported during the study.

Change in Sense of Smell

After insertion of the nasal device, the mean score on the n-butanol smell test decreased
significantly: from 6.4 + 0.9 to 4.4 + 1.5 (p < 0.001). No significant difference was observed in
the smell test in the control group, after receiving 2 drops of saline. For both intervention
groups, mean scores on the n-butanol smell test did not differ between the older and younger
participants.

Weight Loss

Significant weight loss from baseline to the end of the study was observed in both the
device and control groups, -6.6 * 3.7% and -5.7 * 3.5%, respectively. The difference
between the groups was not statistically significant (Table 2). The interaction effects of the
intervention and age on weightloss, percentage of body weightloss, BMI, and excess weight
loss were all statistically significant (p = 0.005, 0.01, 0.007, 0.01, respectively). For partic-
ipants aged <50 years, the percentage of weight loss was greater for the device than the
control group (7.7 + 4.2% vs. 4.1 £ 2.9%, p < 0.02; Fig. 2). For this age group, the mean
reductions in excess body weight were 26 + 13.6% and 13 * 8.8% for the respective inter-
vention groups (p = 0.01); and BMI decreased by 2.9 + 1.8 kg/m? and 1.6 + 1.3 kg/m? (p <
0.03), respectively (Table 2; Fig. 2). For participants aged >50 years, weight loss did not
differ between the intervention groups. Among participants aged <50 years who used the
device for an average of >8 h daily (n = 9), the mean weight loss was 10.1 kg during the trial
period.
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0 Fig 2a: Age < 50 years
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(Total number of observations at each visit: 65, young device:16, young control:13, old device:21, old control:15)

Fig. 2. Weight loss according to percentage of body weight, by age group. a Age <50 years. b Age >50 years.
This figure shows the weight loss in percentage of body weight in each of the visits at the clinic from base-
line to the end of the study, for device and control groups. a The above is shown for participants aged <50
years — where the difference is highly significant. b The above is shown for participants aged >50 years -
where there is no difference.

The analysis yielded a significant linear effect of treatment by group by age. This was
evidenced by a linear and steady decrease in body weight among participants aged <50 years
in the device group. In contrast, the reduction in weight for the same-age participants in the
control group was not linear. The linear effect of treatment remained significant for the inter-
action of intervention and age also when weight loss was assessed as the percentage of body
weight and as change in BML. A steady and linear reduction in both parameters was observed
in participants aged <50 years in the device, but not the control group (p = 0.02 for both
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Figure 3 - Trend analysis
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Fig. 3. Trend analysis. This figure shows the linear and steady decrease in percentage of body weight among
participants aged <50 years in the device group and in contrast, that the reduction for the same-age partici-
pants in the control group was not linear. In this figure it is demonstrated that the linear effect remained
significant also when comparing 8 time points of measurements (p = 0.02; when removing the baseline BMI
before joining the program).

parameters). The linear effect remained significant also when comparing 8 time points of
measurements (p = 0.02; when removing the baseline BMI before joining the program; Fig. 3).

Dietary Intake

At the end of the 12-week study period, a higher proportion of participants in the device
than the control group reported reduced consumption of sugar (p < 0.02), sweetened
beverages (p < 0.001), and artificial sweeteners (p < 0.02; Fig. 4a-c). These significant differ-
ences between the intervention groups in dietary preferences were driven mainly by the
younger age group (Fig. 4a—-c). For age <50 years, the statistical significance of the differences
between the intervention groups was greater for sugar, sweetened beverages, and alcoholic
beverages (p < 0.0001) than for artificial sweeteners (p = 0.03).

Metabolic Values

At the end of the 12-week study period, mean serum insulin (-1.5 * 3.5 units, p = 0.02)
and HOMA-IR (-0.51 £ 0.95, p = 0.01) were reduced significantly in the device group, but not
in the control group (+0.4 + 5.0 units and 0.00 + 1.35, respectively). For participants aged <50
years, HOMA-IR decreased in the device group (p < 0.05) but not in the control group. No
significant differences were observed between the intervention groups in serum glucose,
cholesterol, triglycerides, and low-density lipoprotein, from baseline to the end of the 12-week
study period (Table 2).

Discussion
This study demonstrated efficacy and safety of a removable nasal device NozNoz™.

Compared to a control group, food preferences were altered, and metabolic variables
improved following 12 weeks of use of the device. In adults aged <50 years, the mean weight
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Fig. 4. Changes in dietary preferences during the 12-week study period, according to intervention and age
group. a Sugar. b Artificial sweeteners. ¢ Sweetened beverages. d Alcoholic beverages. These graphs show
the percentage of participants in each intervention group, who reported reduction in consumption, increase
of consumption and no change in consumption of food/drinks. a A significantly higher percentage of par-
ticipants in the device group relatively to the control group reported reduction in the consumption of sugar:
these data are significant for all ages (p < 0.03) and separately for participants aged <50 (p < 0.0001).b A
significantly higher percentage of participants in the device group relatively to the control group reported
reduction in the consumption of artificial beverages: these data are significant for all ages (p < 0.03) and
separately for participants aged <50 (p < 0.03). ¢ A significantly higher percentage of participants in the de-
vice group relatively to the control group reported reduction in the consumption of sweet beverages: these
data are significant for all ages (p < 0.001) and separately for participants aged <50 (p < 0.0001). d A sig-
nificantly higher percentage of participants in the device group relatively to the control group for partici-
pants aged <50 reported reduction in the consumption of alcoholic beverages: these data are significant only
for participants aged <50 (p < 0.0001).

loss was almost double that of the control group. We assume that this difference between
the age groups is related to a lesser sense of smell observed in older adults, as has been docu-
mented in the literature [7-12]. Alternatively, the lack of difference in weight loss between
the intervention groups, among the older participants, could be related to the tendency of
older persons tolose more weight with dietand exercise interventions than younger persons,
possibly due to better compliance. However, persons on “active” treatments tend to rely on
the treatment and this may diminish their adherence to a diet and exercise program. Accord-
ingly, it is possible that the participants in the device group were less attentive to their diet
plan than were those in the control group, consequent to their use of a more invasive
treatment.

Nevertheless, an age-related difference was not observed in the current study, in which
sense of smell was assessed using n-butanol. This discrepancy may be due to the complexity
of the change in the sense of smell with age, which was not assessed in this study. Accordingly,
several studies have shown a decrease in the ability to smell many food odors in elderly indi-
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viduals, while the ability to smell some types of chemical odors and fruits is better preserved
[7, 10-12]. Moreover, a number of studies showed differences in smell when food odors and
non-food odors were tested [17-19]. In those studies, participants with overweight or obesity
were more sensitive to food odors and reacted more strongly than did people with normal
weight. In contrast, a recent meta-analysis concluded that people with obesity tend to have
reduced smelling capacity [27]; however, that study did not analyze the data according to the
particular sense of smell of food odors.

Considering the cohort as a whole, some improvement was observed in the device group,
in both insulin and HOMA-IR levels, but not in the control group. This difference between the
interventions in metabolic parameters was evident despite the lack of a significant difference
in weight reduction. This suggests a possible metabolic effect of smell blunting, independent
of weight loss. A larger cohort is needed to verify this point.

The possible mechanisms that may underly associations of sense of smell and changes in
weight and metabolic variables are complex and apparently evolution-related. Olfactory
neurons in the nasal cavity connect to the olfactory bulb, which is a direct extension of the
brain. Several hormones and transcription factors are involved in smell, food intake, body
weight, and energy expenditure, including leptin, insulin, ghrelin, glucagon-like peptide-1
(GLP-1), insulin-like growth factor-1 (IGF1), orexin, neuropeptide Y, endocannabinoids, and
cholecystokinin [5, 6, 14, 27-30]. Of particular interest are receptors for several gut hormones
in the nasal olfactory epithelium and the olfactory bulb, and in other brain areas that connect
to the olfactory system [5].

Ghrelin hormone, which is known to increase food intake, also increases sniffing behavior
in both rats and humans [31]. Sniffing increases the amount of odor molecules that reach the
olfactory epithelium, and increases the ability to smell odors [31, 32]. Ferndndez-Aranda and
colleagues [13, 14] and Sun et al. [33] demonstrated that compromised phasic ghrelin
suppression is associated with increased olfactory perception and decreased satiety response
to odors. Leptin, a hormone increased in obesity, is intimately tied with olfaction. Baly et al.
[34] demonstrated the presence of several isoforms of leptin receptors in the nasal epithelium
of rodents and showed that leptin is actually synthesized locally in the olfactory mucosa.
Obese rats were shown to have greater food-seeking behavior when exposed to both novel
and familiar food olfactory cues [35], but this behavior in rodents returned to normal with
leptin injections [36]. After infusion of leptin and orexin into the cerebral spinal space, orexin
increased olfactory sensitivity, and leptin decreased sensitivity [37]. The investigators
concluded that the modulation by orexin and leptin of olfactory performance is similar to the
physiological induction of fasting and satiation. Further, these appear to be important factors
in the interdependency of olfaction and food intake. Numerous insulin receptors are present
in the olfactory bulb, and both intravenous and intranasal insulin administration were shown
to reduce olfaction in healthy humans [15, 38]. Paradoxically, in individuals with an impaired
sense of smell, intranasal insulin enhances sensitivity, intensity, and discrimination [16].
IGF1receptorsin olfactory sensory neurons were found to be critical in olfaction [6]. Following
loss of IGF1 receptors in olfactory sensory neurons, olfaction improved, and adiposity and
insulinresistanceincreased [6]. GLP-1 appears critical for smell and taste,and GLP-1 receptors
were detected in the olfactory bulb and olfactory cortex of rats [39, 40]. GLP-1 was shown to
be associated with weight loss, decreased food intake, altered dietary preferences, and
improvements in insulin resistance and glucose tolerance, and is greatly increased after
gastric bypass surgery for obesity [21, 22]. Diacetyl, a volatile compound used to enhance
flavor and palatability in food, suppresses GLP-1 in enteroendocrine cells [41] and may be
associated with increased food intake. Finally, studies in mice show that knocking out the
smelling sensors in the olfactory apparatus leads to weight loss, increased thermogenesis and
fat burn, and increased insulin sensitivity [6].

1
Karger <

483



Obes Facts 2020;13:473-486

Ob o F DOI: 10.1159/000508976 © 2020 The Author(s). Published by S. Karger AG, Basel
eSIty aCts www.karger.com/ofa

Dicker et al.: Weight Loss following the Use of a Novel Smell-Reducing Device

Considering the entire cohort, a higher proportion of persons in the device than the
control group reported reduced intake of sugar, artificial sweeteners, and sweetened
beverages, and reported paying more attention to healthy eating habits. The reduced
consumption of both sugar and artificial sweeteners suggests that the decreased intake of
sugar was likely due to a reduced craving for sweets, rather than a desire to reduce caloric
intake. This concurs with the finding of a 48% reduction in consumption of sweet beverages,
anda37%reductionin consumption of sweetsinindividuals whohad disordered or completed
loss of smell [24]. In addition, alcohol consumption reportedly decreased in the device but
not the control group. This result is consistent with a study in humans that showed that brain
areas activated by food odors are similar to those elicited by cues of addictive substances,
such as alcohol [28]. In the device group of the current cohort, improvements in dietary habits
were only observed for the younger group, as shown in Figure 4c.

The better outcomes in the device versus the control group for persons aged <50 years
compared to >50 years has clinical and research implications. First, the findings suggest that
interventions aimed to increase weight loss by means of reducing smell sense should be
targeted to younger populations. Second, directing future studies to younger individuals may
help to elucidate mechanisms by which the novel nasal device contributes to weight loss and
metabolic improvements.

This study had a number of limitations. These include the use of n-butanol rather than
food odors to assess olfaction, the relatively small number of participants who completed the
study, and the availability of only 2 nasal device sizes, which may have limited the smell
blunting in some persons.

In conclusion, a novel drug-free nasal device that causes sense of smell reduction, while
inserted in the nose, holds promise to promote weight loss, at least in persons up to age 50
years, to help promote healthy food preferences including lower sweet intake, and to improve
metabolic parameters. Further studies are needed to determine the role of this device in the
treatment of obesity and diabetes.
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