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Abstract
BACKGROUND: Overweight and obesity are highly prevalent conditions associated with premature
morbidity and mortality worldwide. Capsiate, a nonpungent analogue of capsaicin, binds to capsaicin
binds to TRP vanilloid 1 (TRPV1) receptor, which is involved in adipogenesis, and could be effective as a
weight-lowering agent.

METHODS AND RESULTS: Eighteen slightly overweight women were enrolled in this randomized, doble-
blind, placebo-controlled study. Nine patients were included in the capsiate intervention group and
received 9 mg/day of capsinoids whereas other 9 patients received placebo for 8 weeks. All patients
underwent weight and waist circumference assessment before and after treatment. Body composition
and bone mineral density were also detected by Dual-energy X-ray absorptiometry (DXA). Fourteen
patients completed the study. The treatment with capsiate or placebo for 8 weeks was not associated to
signi�cant changes in weight or waist circumference. After treatment, there was a signi�cant
improvement of Bone Mineral density (BMD values measured at the spine in the capsiate group (1.158 vs
1.106 g/cm2, +4.7%; p = 0.04), but not in the group treated with placebo. Similarly, the capsiate group
showed a 9.1% increase (p = 0.05) in the adipose tissue and an 8.5% decrease in lean mass measured at
the supraclavicular level, whereas these changes were not statistically signi�cant in the placebo group.

CONCLUSION: Treatment with capsiate for 8 weeks led to negligible changes in body weight in a small
sample of slightly overweight women, but our �ndings suggest a potential effect of capsaicin on bone
metabolism in humans. 

Introduction
Overweight and obesity are pathological conditions determined by excess adipose tissue that are highly
prevalent in the general population and represent a major public health problem worldwide. According to
the World Health Organization (WHO) de�nitions, different degrees of overweight are categorized by the
amount of excessive adipose tissue established using the body mass index (BMI), which is calculated by
dividing the body weight (in kilograms) by the square of the height (in meters) [1]. Normal BMI range is
therefore de�ned by a BMI 18.5-24.9 kg/m2, whereas BMI ≥ 25 kg/m2 and BMI≥ 30 kg/m2 identify
overweight and obese subjects, respectively. In addition, subjects with BMI≥ 40 kg/m2 are considered
severely obese [2]. In the world, obesity affects 15% of women and about 10% of men [1]. America and
Europe are the regions with the highest prevalence of overweight and obesity worldwide, and the
prevalence of both these conditions doubled since 1980 [1, 2]. To date, overweight affects 64.2% and
49.6% of American and European population, respectively, whereas obesity is present in 28.3% and 19.6%
of Americans and Europeans [2]. In Italy, the prevalence of overweight and obesity is slightly lower than
other European countries (31.8% and 8.9%) and the trends over time are not so unfavorable, partly due to
the “Mediterranean diet” and to better dietary habits [3]. By the way, obesity is a chronic progressive
disease associated to premature mortality and disability [4], and every effort should be made to
counteract it. Currently approved anti-obesity drugs include orlistat, liraglutide, and the combination
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naltrexone-bupropion, but they are associated to signi�cant gastrointestinal adverse events and their
e�cacy remains modest [5].

Capsiate, together with dihydrocapsiate and nordihydrocapsiate, belongs to capsinoids, a group of
substances with a molecular structure analogue to capsaicin found in “CH-19 Sweet” (Capsicum annuum
L.), a nonpungent cultivar of red pepper [6]. According to recent �ndings, common dietary spice can bind
to different transient receptor potential (TRP) channels [7]. In particular, capsaicin binds to TRP vanilloid 1
(TRPV1) receptor, which is also activated by thermal stimuli and which function in vivo is to detect
noxious heat eliciting a sensation of burning pain [8]. Capsiate, due to its lipophilicity and aqueous
stability, can activate TRPV1 receptor in the gut, but not in the oral cavity, and can induce its biological
effects without producing nociceptive response [6, 9]. Since TRPV1 receptor plays a key role in biological
functions implicated in adipogenesis, including modulation of energy metabolism, pre-adipocytes
differentiation and cytokine signaling [7], capsiate could be a promising agent for treatment of obesity.
According to the �ndings of a recent meta-analysis, capsaicin or capsinoids ingestion leads to increased
energy expenditure in subjects with BMI > 25 kg/m2 (but not in those with BMI < 25 kg/m2) con�rming the
potential role for capsaicin-like substances as appropriate agents for treatment of obesity [9].

The aim of the present study is therefore to investigate whether the administration of capsiate is able to
induce signi�cant weight loss and change body composition in a population of overweight subjects.

Material And Methods
PATIENTS

Slightly overweight (BMI 26-29 kg/m2) female subjects aged 20-40 years old were recruited among the
patients of the clinic of endocrinology and metabolic diseases of the university hospital "Ospedali Riuniti"
of Ancona from April 2017 to December 2018. Inclusion criteria were the following: ability to understand
and provide informed consent, no cigarette smoking, and sedentary lifestyle (less than 3 days/week of
physical activity during the 6 months before the study. Conversely, patients were excluded on the basis of
the following criteria: any speci�c dietary regime other than a normocaloric diet; allergy to chili pepper;
daily intake of more than 2 cups of tea or coffee, 4 cans of caffeine-containing soft drinks or 3 glasses of
alcoholic beverages; daily assumption of chili pepper; regular assumption of antidepressants or weight-
reducing drugs; drug abuse; contraindications to Dual-energy X-ray absorptiometry (DXA)
examination; pregnancy and breastfeeding.  The study protocol was approved by the local ethics
committee (number of protocol 2015-0222 OR).

STUDY DESIGN

Eligible subjects were randomly allocated in a 1:1 ratio to the Capsiate or placebo group using a random
numbers generator. Capsiate capsules contain capsinoids (capsiate, dihydrocapsiate, and
nordihydrocapsiate in a 7∶2∶1 ratio) extracted from CH-19 Sweet (Capsicum annuum) and were provided
by Ajinomoto Co., Inc. (Tokyo, Japan). Each capsule contained 1.5 mg of capsinoids and 199 mg of a
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mixture of rapeseed oil and medium- chain triglycerides. Participants were instructed to take three
capsules of Capsiate or placebo in each morning and evening of each day (9 mg/day) for 8 weeks. The
appearance, color, smell and taste of the Capsiate and placebo capsules were identical to maintain
treatment blinding.

DXA examination: DXA was used to measure body composition and bone mineral density (BMD) with a
Lunar Prodigy® densitometer (GE Healthcare, Madison, WI). The body composition and the BMD were
assessed using whole body scans. In addition, the composition of two speci�c regions of interest (ROIs),
at the mediastinal level (mROI) and at the supraclavicular level (sROI), corresponding to the point of
highest accumulation of brown fat, was evaluated. The software used was Lunar Prodigy® enCore 2007
version 11.4. Z-score and T-score values were expressed as SD values and calculated according to the
manufacturer’s normative data.

OUTCOMES

Primary endpoint: mean difference between the two treatment groups in body weight reduction, de�ned
as the absolute change in weight (kg) measured at baseline (W0) and after treatment (W8).

Secondary endpoints: Mean difference between the two treatment groups in waist circumference
reduction, de�ned as the absolute change in waist circumference (cm) measured at baseline and after
treatment. Mean difference between the two treatment groups in modi�cation of body composition (lean
mass and fat mass, BMD, mediastinal and supraclavicular adipose tissue) using DXA. Modi�cation is
de�ned as the absolute change in in the various parameters of body composition measured at baseline
and after treatment.

STATISTICAL ANALYSIS

Statistical analyses were performed using the Statistical Package for Social Sciences (SPSS) version
23.0 (SPSS Inc., Chicago, IL) for Microsoft Windows. Normal distribution for continuous variables was
assessed using the Shapiro-Wilk test for normality if not evident from the histogram and/or normality
graph. Data are shown respectively as mean ± standard deviation (SD) or median and interquantile range
(IQR) in case of normality or not. Comparison between groups was performed by T-test for independent
samples in case of normality, and by Mann-Whitney U-test in case of non-normal distributions. Similarly,
the T-test for dependent samples or the Wilcoxon signed-rank test were used to compare data before and
after treatment. The required sample for the primary outcome was 15, which was calculated to detect a
signi�cant change in body weight of 1.85 kg (SD=2 kg) after 8 weeks of treatment, with a statistical
power of 80%. Values of p<0.05 were considered statistically signi�cant.

Results
Twenty-two slightly overweight female subjects were assessed for eligibility. After exclusion of 4 patients,
18 were recruited and randomized to Capsiate (N=9) or placebo (N=9). After treatment initiation, 3
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subjects (1 subjects from the Capsiate group and 2 subjects from the placebo group) were excluded for
not taking the medication continuously, and one subject from the placebo group withdrew the consent.
Fourteen subjects, 8 subjects in the Capsiate group and 6 subjects in the placebo group, completed the
study (Figure 1). According to the study protocol, all the patients maintained a normocaloric diet. No
harmful effects were observed in any group.

As shown in Table 1, the anthropometric characteristics at the baseline did not differ between the two
groups. Similarly, baseline DXA parameters did not differ between the two groups (data not shown). After
randomization, the two groups underwent 8 weeks of continuous treatment with capsiate or placebo. As
shown in Table 2, absolute change in weight, BMI and waist circumference after treatment was negligible
both for the CAPSIATE and the placebo group. Tables 3 and 4 report separately values of BMD evaluated
on all bone segments in the two different groups. After treatment, there was a statistically signi�cant
improvement of BMD values of the vertebral column in the CAPSIATE group (1.158 vs 1.106 g/cm2, equal
to an increase of 4.7%; p = 0.04), whereas no signi�cant changes were observed at any site in the placebo
group.

Table 1
baseline characteristics of the population

  Capsiate group

(n=8)

Placebo group

(n=6)

 

Age (years) 31.75 ± 12.2 30.3 ± 13.7 p=0.84

Height (cm) 162.6 ± 4.9 162.5 ± 4.5 p=0.96

Weight (kg) 70.4 ± 10.7 71.8 ± 6.1 p=0.76

BMI (kg/m2) 26.9 ± 5.7 27.2 ± 2.1 p=0.90

Waist circumference 88.3 ± 15.8 89.3 ± 3.8 p=0.87

Table 2
Anthropometric measurements before-after treatment (mean ± DS)
Capsiate group (n=8) W0 W8 difference

Weight (kg) 70.4 ± 10.7 71.1 ± 11.4 +0.7 (p=0.38)

BMI (kg/m2) 26.9 ± 5.7 27.1 ± 6.0 +0.2 (p=0.36)

Waist circumference 88.3 ± 15.8 87.1 ± 14.8 -1.2 (p=0.12)

Placebo group (n=6)      

Weight (kg) 71.8 ± 6.1 71.5 ± 6.2 -0.3 (p=0.77)

BMI (kg/m2) 27.2 ± 2.1 27.1 ± 1.7 -0.1 (p=0.71

Waist circumference 89.3 ± 3.8 87.7 ± 3.9 -1.6 (p=0.27)
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Table 3
Indexes of bone mineralization – CAPSIATE group (mean ± DS)

BMD (g/cm2) W0 W8 difference

Head 2.329 ± 0.183 2.376 ± 0.147 +0.047 (p=0.74)

Arms 0.871 ± 0.062 0.907 ± 0.070 +0.036 (p=0.45)

Legs 1.130 ± 0.067 1.139 ± 0.072 +0.009 (p=0.24)

Trunk 0.964 ± 0.119 0.989 ± 0.085 +0.025 (p=0.22)

Ribs 0.797 ± 0.129 0.805 ± 0.094 +0.008 (p=0.21)

Vertebral column 1.106 ± 0.127 1.158 ± 0.149 +0.052 (p=0.04)

Pelvis 1.047 ± 0.115 1.061 ± 0.076 +0.014 (p=0.72)

Whole body 1.172 ± 0.078 1.193 ± 0.065 +0.021 (p=0.22)

Table 4
Indexes of bone mineralization – PLACEBO group (mean ± DS)

BMD (g/cm2) W0 W8 difference

Head 2.207 ± 0.343 2.290 ± 0.262 +0.083 (p=0.36)

Arms 0.885 ± 0.124 0.911 ± 0.096 +0.026 (p=0.70)

Legs 1.150 ± 0.117 1.186 ± 0.083 +0.036 (p=0.80)

Trunk 0.971 ± 0.137 1.031 ± 0.089 +0.060 (p=0.32)

Ribs 0.821 ± 0.107 0.862 ± 0.052 +0.041 (p=0.64)

Vertebral column 1.099 ± 0.178 1.130 ± 0.210 +0.031 (p=0.26)

Pelvis 1.040 ± 0.156 1.099 ± 0.115 +0.059 (p=0.65)

Whole body 1.156 ± 0.139 1.207 ± 0.091 +0.051 (p=0.71)

In a subsequent analysis, the compositions of mROI and sROI were evaluated before and after treatment
(Tables 5). The CAPSIATE group showed a 9.1% increase (p = 0.05) in the adipose tissue and an 8.5%
decrease in lean mass measured at sROI, whereas no statistically signi�cant changes were detected in
the placebo group. Conversely, the composition of mROI was not different after treatment in either the
CAPSIATE or the placebo group.
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Table 5
ROI composition –CAPSIATE and placebo group (median, IQR)

Group     W0 W8  

Capsiate
(n=8)

         

mROI
(g)

Fat mass 1010.0 (886.8-
1277.3)

1063.0 (938.5-
1326.5)

+53.0
(p=0.09)

Lean
mass

1550.5 (1389.3-
1774.5)

1529.5 (1360.0-
1827.8)

-21.0
(p=0.58)

sROI
(g)

Fat mass 214.0 (177.8-268.5) 233.5 (190.0-290.5) +19.5
(p=0.05)

Lean
mass

407.0 (344.0-447.5) 372.5 (346.0-403.0) -34.5
(p=0.05)

Placebo
(n=6)

         

mROI
(g)

Fat mass 1181.5 (977.0-
1353.5)

1199.0 (940.8-
1468.5)

+17.5
(p=0.25)

Lean
mass

1703.5 (1543.0-
2003.0)

1557.0 (1361.0-
2103.0)

-146.5
(p=0.35)

sROI
(g)

Fat mass 236.5 (191.5-281.3) 236.0 (188.8-318.5) -0.5 (p=0.75)

Lean
mass

417.5 (358.3-441.5) 408.5 (319.0-441.5) +1.0 (p=0.75)

Discussion
Although recent �ndings from animal models and human studies have shown a promising effect of
capsinoids on body weight reduction [9, 10], the effect of continuous administration of capsiate for 8
weeks on body weight in our population was negligible. Anyway, some unexpected results emerged
concerning BMD and body composition.

First, we observed a signi�cant increase in BMD of the spine after 8 weeks of treatment with capsiate.
This result appears in contrast with a recent observational study conducted on a large population of over
500,000 Chinese subjects showing an increased fracture risk in subjects with higher consumption of
spicy food (OR up to 1.18 for subjects reporting daily consumption of spicy food) [11]. As suggested by
the authors, the action of capsaicin on bone metabolism could be dependent from the activation of the
TRPV1 receptor, the same present in the digestive tract and that mediates the effects of capsaicin on
induction of thermogenesis by brown adipose tissue (BAT) and mobilization of lipid reserves through the
orthosympatetic nervous system [12, 13]. This receptor is actually a non-selective cation channel and it is
expressed on most of the unmyelinated nerve �bers and on some small myelinated sensitive nerve �bers
[8, 14], acting as a nociceptor [14–16]. CGRP (calcitonin-gene related peptide), on the other hand, is a
neuropeptide widely distributed in the central and peripheral nervous system [17] whose release from
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sensory nerve terminals appears to be stimulated by the local administration of capsaicin [18] and
inhibited by TRPV1 antagonists [19]. In vitro and in vivo experimental studies have demonstrated the
inhibitory effect of CGRP on osteoclastic activity and, consequently, on bone resorption [20], perhaps even
modulating the action of calcitonin [21]. Furthermore, the CGRP receptor appears to be expressed also on
osteoblasts, of which it regulates the differentiation from medullary progenitors [20]. In the literature, there
is not concordance on the effect of capsaicin on bone metabolism, as several experimental studies have
provided con�icting results. Rossi et al., for example, reported that genetic or pharmacological (by
administration of palvanil) inactivation of TRPV1 receptor appears to be protective against osteoclastic
activity, reducing bone resorption in mice [22]. Similarly, O�ey et al. administered capsaicin or placebo to
16 rats that subsequently underwent DXA examination and bone histomorphometry. After 4 weeks of
treatment with capsaicin, the authors reported a decrease in BMD on the metaphysis of the tibia and
femur. At histology, the number of osteoclasts and the resorption surface increased in the proximal tract
of the tibia, while the osteoblastic activity and the volume of trabecular bone decreased. Fifty-seven
percent destruction of the unmyelinated �bers was also reported, with reduced levels of CGRP in the
sciatic nerve and in the proximal tract of the tibia [23]. In another study, rats were treated with capsaicin in
a single dose, then after 14 days of treatment underwent tooth extraction and were killed after further 4
days. The study presented both a control group and a placebo group. Differently from the results of the
above-mentioned studies, in the group of animals treated with capsaicin there was a 40% and 54%
reduction in bone resorption surface compared to placebo and controls, respectively, and an absolute 26%
and 34% reduction of osteoclasts and cells in active reabsorption [24]. Similarly, Hill et al., in another
experimental study conducted on animals (47 rats in 3 groups: guanethidine, capsaicin, control) reported
that sympathetic denervation at birth by capsaicin causes a 21% reduction in alveolar bone resorption
after tooth extraction in adult animals [25]. A partial explanation for the different effects of capsaicin in
animal models has been provided by Holzer. Indeed, he states that most studies on capsaicin have been
conducted on small rodents (mice, rats, guinea pigs) and it is important to note that the effects of low
doses of capsaicin differ quantitatively and qualitatively from higher doses. At low doses (in the pg/kg
range), capsaicin exerts a powerful excitatory effect on peripheral nerve endings (apparently only on type
C unmyelinated �bers). The initial excitement, however, is soon followed by drug desensitization and
nerve conduction block. In addition, the systemic administration of high doses of capsaicin (in the mg/kg
range) has a toxic effects on sensory neurons, with the extent of the damage that depends on dosage,
route of administration, species and age of the animal [18].

Concerning the effects of capsaicin in humans, there are no studies in the current literature evaluating
bone metabolism. Interestingly, the preliminary �ndings of our study suggest that the administration of
capsaicin may determine an improvement in bone mineralization, especially at spine level, which
represents the skeletal segment richest in trabecular bone. Since extracellular calcium levels act on
preadipocytes inducing adipogenesis [7], it could be hypothesized that adipose tissue deposition could be
contrasted by biological mechanisms aimed at reducing circulating calcium levels, that typically underlie
an antiresorptive mechanism on bone. Another possible explanation could be related to the ability of
capsaicin to induce brown fat differentiation, as suggested by other authors [26]. The presence of brown
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fat, indeed, has been associated with better BMD values in women [27, 28], suggesting its possible direct
involvement in bone metabolism. On this purpose, Nirengi et al. used near-infrared spectroscopy to
estimate the activity of brown fat in the supraclavicular region of 20 subjects (20 years old, 10 males and
10 females, normal weight) treated with 9 mg of capsinoids/day for 8 weeks, but neither body
composition (except for visceral fat) nor bone mass assessed by DXA showed signi�cant changes after
treatment [29]. In another study by Yoneshiro et al., 18 men underwent positron emission tomography
(PET) examination (in a standardized cold condition) to distinguish BAT-positive from BAT-negative
subjects, then they were all treated with a single dose of capsinoids (9 mg) or placebo, subjected to
calorimetry and, after 1-3 weeks, the experiment was repeated with crossover mode. Since the highest
energy expenditure response occurred in BAT-positive subjects after administration of capsinoids, the
authors concluded that capsinoids, acting at the intestinal level through TRPV1, can activate the already
present BAT and they also hypothesized that the capsinoids may induce the recruitment of new BAT in
subjects who do not have it [30]. In our sample, patients treated with capsiate showed a signi�cant
change in composition of the supraclavicular region with an increase in the percentage of adipose tissue
and a reduction in the percentage of lean mass. Considering that supraclavicular region is an important
site for BAT in adults [31], these data are relatively disappointing, since in the group treated with capsiate
we would have expected an opposite variation, as an expression of a conversion of white adipose tissue
into BAT, with an increase in lean mass and a decrease of fat mass. In fact, given the higher density of
BAT, we would have expected an increase in the amount of tissue detected as lean, corresponding to the
new BAT, at the expense of a reduction of the pre-existing white adipose tissue. Such a change would
seem to be indirectly suggested by the radiological characteristics of BAT on computerized tomography
(CT): BAT, compared to white adipose tissue, is characterized by higher density (assessed as Houns�eld
Units) [32], even it in the literature data concerning the characteristics of BAT detected by DXA are lacking.
In any case, this �nding appears to be worthy of further study.

Epidemiological studies suggest that a reduction of 1 standard deviation (SD) in BMD is associated with
an increase in the relative fracture risk of approximately 1.5-2 [33] and a change of 1 DS corresponds
approximatively to a 10% change in the BMD [34]. It goes without saying that an increase in BMD of 4.7%
represent a clinically relevant �nding. In addition, such an increase was found after only 8 weeks of
treatment, while in clinical practice densitometric checks are performed at 18-24 months intervals.

Despite these promising results, we are aware that there are important limitations in our study. First, the
sample size is extremely low. This may have limited our ability to detect statistically signi�cant changes
in weight or body composition. In addition, the short treatment period, and the short time between DXA
assessments may have reduced the magnitude of the effect induced by capsiate intake on BMD, leading
us to underestimate it.

Conclusion
The administration of 9 mg/day of capsiate for 8 weeks in a sample of slighty overweight women led to
negligible changes in body weight and waist circumference. Interestingly, a signi�cant increase in BMD
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measured by DXA at spine was detected after treatment, suggesting that capsiate may be bene�cial on
bone metabolism, even if further studies are needed. Notably, treatment with capsiate was associated
with an increase in fat mass and a decrease in lean mass assessed by DXA at the supraclavicular region.
The biological signi�cancy of this �nding needs to be con�rmed by wider studies.
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