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ABSTRACT
Background: Dihydrocapsiate is a capsinoid found in chili peppers.
Dihydrocapsiate is similar to capsaicin, which is known for its
thermogenic properties.
Objective: The objective was to determine the acute and chronic
effect of dihydrocapsiate on resting metabolic rate (RMR).
Design: Seventy-eight healthy subjects in a double-blind, parallel-
arm trial were randomly assigned to 3 groups receiving 0 (placebo),
3, or 9 mg dihydrocapsiate/d for 28 d. After a 10-h overnight fast,
RMR was measured by indirect calorimetry for 30 min before and
120 min after ingestion of dihydrocapsiate.
Results: RMR was similar in the 3 groups before dosing on day 1
[17146 41 kcal/d (0 mg), 17606 41 kcal/d (3 mg), and 16946 38
kcal/d (9 mg)] and after acute dosing (416 17, 556 17, and 36 24
kcal/d for 3-mg, 9-mg, and placebo groups, respectively). When the
chronic effect of dihydrocapsiate on RMR was calculated from the
average 2-h RMR on day 28 minus the 30-min preingestion RMR at
baseline, a borderline effect in subjects receiving 3 mg dihydro-
capsiate/d compared with placebo was observed (61 6 24 kcal/d
compared with 21 6 12 kcal/d, P = 0.054), whereas no significant
increase in RMR in comparison with placebo was noted for the
9-mg/d dose (48 6 23 kcal/d compared with 21 6 12 kcal/d, P =
0.12). When data from both groups were combined, the thermic
effect of dihydrocapsiate reached significance (53 6 9 kcal/d com-
pared with 21 6 12 kcal/d in the placebo group, P = 0.04). Fat
oxidation was unaffected by dihydrocapsiate.
Conclusion: After 1 mo of supplementation, dihydrocapsiate had
a small thermogenic effect of ’50 kcal/d, which is in the range of
day-to-day RMR variability. This trial was registered at clinicaltrials.
gov as NCT00999297. Am J Clin Nutr 2010;92:1089–93.

INTRODUCTION

The prevalence of obesity continues to increase in developed
and developing countries (1). At present, energy restriction and
increased physical activity are advocated in most weight control
programs; however, sustained changes in diet and physical ac-
tivity are difficult to achieve. There is growing interest in finding
natural substances or extracts that modify energy balance.
Capsaicin is naturally present in chili peppers. Capsaicin has been
shown to increase energy expenditure (2) and fat oxidation (2, 3)
probably via an increase in the activity of the sympathetic ner-
vous system (4) or cathecolamine secretion (2, 5, 6). However,
given its strong pungency, not all people can consume capsaicin.
Capsinoids are much less pungent (7, 8) and have a thermogenic
effect in mice (9, 10). In humans, we recently showed no effect of
single doses of 1, 3, 6, or 12 mg of encapsulated capsinoids on
metabolic rate (11). However, other studies have reported ther-

mogenic properties including increased metabolic rate or fat
oxidation after chronic consumption of encapsulated capsinoids
(12, 13), thus suggesting that a prolonged consumption may be
necessary to achieve efficacy on metabolic rate in humans.

Dihydrocapsiate, one of the compounds from the capsinoids
family, has been synthesized (7) and may become beneficial as
a food ingredient. In vivo and in vitro electrophysiologic
experiments showed dihydrocapsiate to have almost similar
potency compared with other capsinoids (14). We investigated in
a double-blind randomized clinical trial the acute and chronic
effect of 0, 3, or 9 mg of dihydrocapsiate per day for 28 d on
metabolic rate and fat oxidation. In addition, changes in body
weight and body composition were evaluated.

SUBJECTS AND METHODS

Subjects

Seventy-eight nonsmoking men (25–28 subjects per group)
were recruited by advertising in local newspapers, television, and
the Pennington Biomedical Research Center website. Partic-
ipants were healthy as indicated by physical examination and
routine medical laboratory tests and their body weight was stable
over the past month. None of them exercised more than twice
a week for the past 6 mo, and none participated in regular re-
sistance exercise. Other exclusion criteria were attempt to diet to
increase or decrease body weight; allergy to chili peppers;
consumption of .2 cups tea or coffee/d, .4 cans caffeinated
soft drink/d, or .3 standard alcoholic drinks/d; and use of
weight-loss drugs, drugs affecting energy metabolism, and drugs
for depression. Subjects’ characteristics are shown in Table 1.
The protocol was approved by the Pennington Biomedical Re-
search Center Institutional Review Board, and all subjects pro-
vided written informed consent.
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Experimental design

This study was a double-blind, placebo-controlled, single
center, randomized, parallel arm clinical trial. After completing
the screening process, on days 0 and 27, participants reported at
1800 to our inpatient unit. At 1830 they received a standardized
dinner and, at 2000, a snack providing 50% of resting energy
requirement (15) with 50% from carbohydrates, 30% from fat,
and 20% from protein. On the next day (days 1 and 28),
a symptoms’ checklist questionnaire was collected to assess the
previous 24 h. While subjects remained in their beds, resting
metabolic rate (RMR) was measured for 45 min (baseline) before
and 120 min after ingestion of 9 gel capsules of placebo or
dihydrocapsiate. Doses (placebo, 3 or 9 mg of dihydrocapsiate)
were randomly assigned. On waking up, urine was collected after
the 165-min RMR measurement of nitrogen excretion. Blood
pressure and body temperature were measured before and 2 h
after ingestion of the capsules. The symptoms’ checklist (16) was
again collected after the metabolic rate measurement.

Total body fat content was then measured by dual-energy X-
ray absorptiometry scan (Hologic Dual Energy X-ray Absorp-
tiometer—QDR 4500; Hologic, Waltham, MA). Finally, 72 h
after the last testing day, subjects were contacted by phone and
interviewed for the presence of symptoms and adverse events.
Physical activity and consumption of tea, coffee, and alcohol
were not permitted during the week preceding the metabolic
evaluation. One (day 8) and 2 wk (day 15) after the measures of
metabolic rate, body weight, vital signs, drug compliance, and
symptoms’ checklist for the past 24 h were completed.

Dihydrocapsiate capsules

Dihydrocapsiate was enzymatically synthesized with vanillyl
alcohol and 8-methylnonanoic acid through esterification, fil-
tration, extraction, and evaporation. Refined rapeseed oil was
used to dilute dihydrocapsiate at a concentration of 0.5%.
Capsules were then made with 1 mg dihydrocapsiate. The pla-
cebo capsules were prepared in the same manner.

With the aim of providing the same amount of capsules every
day, different proportions of capsules containing placebo or
dihydrocapsiate were provided. Subjects were instructed to take 3
capsules before each meal time with 100 mL of tap water. On the
testing metabolic rate day (days 1 and 28), the same daily
dihydrocapsiate dose (9 capsules) was given with 150 mL of tap
water at room temperature.

Indirect calorimetry and fuel oxidation

RMR was measured in the participant’s bed in fasting con-
ditions. The subject was in supine position, awake, and in a quiet
environment (soft music was permitted) in a room at 22�C. RMR
was measured from gas exchange by using a Deltatrac II met-
abolic cart (Datex-Ohmeda, Helsinki, Finland). The analyzer
was calibrated before each study with standardized gases con-
taining 5% CO2 and 95% O2. A transparent plastic hood con-
nected to the device was placed over the head of the participant.
VO2 and VCO2 were calculated from continuous measurements
of CO2 and O2 concentrations in inspired and expired air diluted
in a constant airflow of ’40 L/min. Oxygen consumption, CO2

production, and energy expenditure standardized for tempera-
ture, pressure, and moisture were calculated at 1-min intervals.
Energy substrate oxidation was calculated taking into account
urinary nitrogen excretion rate (17).

Symptoms and adverse events

Assessment of adverse events was done by using a validated
symptom questionnaire (16). This questionnaire assessed 34
different symptoms (eg, energetic, tired, hungry, fresh, alert,
sleepy, and so forth) in 4 different intensities: not at all,
slightly, moderately, or greatly. The questionnaire was admin-
istered before baseline RMR and 2 h after the ingestion of the
capsules.

Statistical analysis

RMR measured under standard conditions has an intra-
individual variability of ,5% (11). With this in mind, our
sample size allowed us to detect a difference between placebo
and dihydrocapsiate groups of 75 kcal/d with type I and II
errors of 5% and 10%, respectively. All statistical analyses
were performed by using SAS software version 9.1.3 (SAS
Institute, Cary, NC). Data were analyzed by using covariance
analysis (PROC MIXED) with dose (0, 3, and 9 mg), acute
consumption (before/after pill), chronic consumption (days 1
and 28) and their interactions as the fixed effects. Each subject
was nested within dose as a random effect. The chronic effect
of dihydrocapsiate on RMR was also assessed by comparing
the changes in RMR calculated as the difference between the
2-h (1–30, 31–60, 61–90, 91–120 min) RMR at day 28 minus
the 30-min RMR before dihydrocapsiate ingestion at baseline.
The statistical significance for multiple comparisons was ad-
justed by using the Tukey-Kramer method. Race distribution
and frequency of presence or absence of symptoms among
groups were tested by using chi-square analyses. P , 0.05 was
considered statistically significant. Data are expressed as
means 6 SEs.

RESULTS

Compliance in use of capsules was high and not different
between groups [placebo (97 6 1%), 3 mg dihydrocapsiate (96
6 1%), and 9 mg dihydrocapsiate (95 6 2%); P = 0.50]. After
28 d of placebo or dihydrocapsiate treatment, a significant in-
crease in fat mass was detected (0.34 6 0.11 kg; P = 0.002),
while a borderline increase in fat-free mass was observed after
28 d (0.23 6 0.12 kg; P = 0.07). None of these changes were

TABLE 1

Characteristics of subjects at baseline1

Dihydrocapsiate

Placebo 3 mg 9 mg

White/AA/other (n) 16/9/3 15/9/1 19/4/2

Age (y) 39.0 6 2.02 33.4 6 1.9 37.6 6 2.6

Body weight (kg) 91.0 6 2.7 92.4 6 2.0 90.9 6 2.2

Body fat (%) 25.3 6 1.0 24.6 6 1.0 26.2 6 0.9

BMI (kg/m2) 29.3 6 0.6 29.5 6 0.5 29.3 6 0.6

1 There were no significant differences between groups. AA, African

American.
2 Mean 6 SE (all such values).
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affected by treatment (P . 0.47) or its interaction with time
(P . 0.74) (Table 2).

Symptoms and adverse events

In general, dihydrocapsiate capsules were well tolerated and
only a few differences in symptoms and adverse events between
groups were observed. On day 1 and after pill ingestion, 32% of
the individuals in the placebo group reported dry mouth, whereas
44% and 66% of the subjects taking 9 and 3 mg dihydrocapsiate/
d, respectively, reported that same symptom (P = 0.04). On day
28 and before pill ingestion, 12% of the subjects taking 9 mg
dihydrocapsiate/d reported leg cramps compared with none of
the individuals taking 3 mg dihydrocapsiate/d or placebo (P =
0.04).

Energy metabolism

Metabolic rate, nonprotein respiratory quotient, and fat oxi-
dation before and after pill ingestion on days 1 and 28 are shown
in Table 2. Metabolic rate measured over 2 h after pill ingestion
was higher than values observed before pill ingestion (P = 0.003).
No differences in metabolic rate were detected when values on
days 1 and 28 were compared (P = 0.19). Similarly, no effect of
dihydrocapsiate was observed on metabolic rate when compared
with placebo (P = 0.22). In addition, metabolic rate assessed by
the total area under the curve remained similar across doses (P =
0.21) and days (P = 0.43). Fat oxidation was higher after pill
ingestion (P , 0.0001) and lower after 28 d of intervention (P =
0.002). However, no dose effect on fat oxidation was noted (P =
0.44). When the total area under the curve was analyzed, no
differences between days (P = 0.20) and doses (P = 0.47) were
detected.

To evaluate the chronic effect of dihydrocapsiate on energy
metabolism, we performed further analysis by comparing the
changes in RMR from the differences between each 30-min
period after 28 d minus RMR before pill ingestion at baseline
(Figure 1). This thermogenic effect was almost significant in
subjects receiving 3 mg dihydrocapsiate/d compared with pla-
cebo (61 6 24 kcal/d compared with 21 6 12 kcal/d, re-
spectively; P = 0.054) but not in those receiving 9 mg/d (48.1 6
23.4 kcal/d; P = 0.12). This chronic effect of dihydrocapsiate
reached statistical significance only after combining the active
groups (3 and 9 mg): 53 6 9 kcal/d compared with 21 6 12
kcal/d in the placebo group (P = 0.04).

Because small but significant differences in body size and
composition were detected after 28 d of intervention (Table 2), we
repeated all the analyses after adjusting for fat-free mass. Results
were virtually identical when compared with unadjusted results
(data not shown).

DISCUSSION

In this study, we observed no significant increase in metabolic
rate after acute consumption of dihydrocapsiate. However, only
after combining the 2 dihydrocapsiate groups (3 and 9 mg), we
did observe an ’50-kcal/d increase in metabolic rate, which
might be encouraging enough to pursue its utility during weight-
loss intervention.

This study was originally designed to detect a statistically and
biologically meaningful increase in RMR of 75 kcal/d at the 9-mg

dose when compared with placebo. We set up this cutoff because
the day-to-day variability in RMR is ’5% (11, 18). Thus, we
failed to show such an effect with 9 mg of daily ingestion of
dihydrocapsiate. However, our 50-kcal/d increase in metabolic
rate in the combined group is in agreement with another study
by using chronic treatment of natural capsinoids extract (13).
Furthermore, such a small energy imbalance should be kept in
the context of the general increase in body weight observed in
the United States over the past 2–3 decades, which may have
been triggered by a persistent positive energy imbalance of as
little as 50 kcal/d (19). One can also make the case that a small
but consistent increase in energy expenditure will help in-
dividuals maintain body weight if not lose weight. Whether this
small thermogenic effect may affect body weight in the long
term cannot be answered from our study. However, the concept
that small changes in energy homeostasis can modify body mass
has been vigorously challenged by us and others (20–22).

In our previous human study, by using a single-dose crossover
acute study we observed no thermogenic impact of a natural
capsinoids extract (11). On the basis of this observation and the
previous findings of increased oxygen consumption with in-
creasing uncoupling proteins following 2-wk capsinoid treatment
in animal studies (9, 10), we had predicted the possibility that
a longer exposure to dihydrocapsiate would increase metabolic
rate. The findings of the metabolic rate from the present study
could, at least partly support this prediction.

A main limitation in our study design is the short period of
metabolic assessment (’2.5 h). A more physiologic, integrative,
and comprehensive approach would be to include 24-h energy
expenditure measurements. This method is more accurate and
reproducible than RMR measurements (23). Further inves-
tigation by using this method is needed to confirm our original
hypothesis. Changes in body mass and composition may offer an
appropriate alternative to assess long-term energy homeostasis.
Unless compensatory changes in energy intake and/or physical
activity occur, an increase in energy expenditure and/or fat ox-
idation should lead to a reduction in body weight and/or fat
mass. We did not observe changes in body weight or body
composition between the placebo and dihydrocapsiate groups.
These are not unlikely responses because it is known that energy

FIGURE 1. Change in metabolic rate after 28 d of placebo or
dihydrocapsiate ingestion. Change in metabolic rate calculated as 2.5-h
resting metabolic rate on day 28 minus resting metabolic rate before pill
ingestion on day 1. A: Difference calculated in each group (placebo, 3 and
9 mg dihydrocapsiate/d). B: Difference calculated after combining groups
receiving dihydrocapsiate (3 and 9 mg) compared with placebo. Data were
analyzed by using covariance analysis (PROC MIXED; SAS Institute, Cary,
NC) with dose (0, 3, and 9 mg). Statistical significance for multiple
comparisons was adjusted by using the Tukey-Kramer method. *P , 0.05
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homeostasis is tightly regulated by complex and still-not-so-
well-understood mechanisms (24). Because the present study
focused on energy metabolism rather than body weight or
composition, the subjects were not advised to modify their life-
style. Surprisingly, Snitker et al (13) reported that increases in
metabolic rate and fat oxidation in response to capsinoids were
not accompanied by enhanced whole-body fat mass loss despite
some abdominal fat mass loss. A potential explanation for such
a tissue-specific fat mass reduction may be that tissues such as
visceral adipose tissue have higher b-adrenergic receptor density
and adrenergic sensitivity (25, 26) and therefore more visceral
lipolysis. This idea highlights the potential influence of brown
adipose tissue, another highly b-adrenergic receptor dense tissue,
in modulating the effect of capsinoids on energy metabolism in
humans. The recent discovery of variable amounts of brown
adipose tissue in adult humans (27–29) supports this hypothesis.

In conclusion, this study showed that dihydrocapsiate in-
gestion does not stimulate acutely metabolic rate measured under
resting fasting conditions. After 4 wk of exposure to the com-
pound and only when the participants from both groups on
dihydrocapsiate were combined, there was a small but significant
effect on RMR, which was within the range of the day-to-day
variability in RMR. Only well-controlled, long-term studies will
provide insight into the physiologic relevance of small alterations
in energy balance by dihydrocapsiate ingestion on weight man-
agement. In addition, the role of dihydrocapsiate in combination
with meals or exercise on metabolic rate should also be explored.
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