/ O) Journal of Human Kinetics volume 68/2019, 211-222 DOI: 10.2478/hukin-2019-0070 211
Strength & Power

§ sciendo

Mechanism of Action and the Effect of Beta-Hydroxy-Beta-
Methylbutyrate (HMB) Supplementation on Different Types
of Physical Performance - A Systematic Review
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Mateusz Gawelczyk?, Katarzyna Kubicka!

Beta-hydroxy-beta-methylbutyrate (HMB) has been used extensively as a dietary supplement for athletes and
physically active people. HMB is a leucine metabolite, which is one of three branched chain amino acids. HMB plays
multiple roles in the human body of which most important ones include protein metabolism, insulin activity and skeletal
muscle hypertrophy. The ergogenic effects of HMB supplementation are related to the enhancement of sarcolemma
integrity, inhibition of protein degradation (ubiquitin pathway), decreased cell apoptosis, increased protein synthesis
(mTOR pathway), stimulation of the growth hormone/insulin-like growth factor-1 (GH/IGF-1) axis and enhancement of
muscle stem cells proliferation and differentiation. HMB supplementation has been carried out with various groups of
athletes. In endurance and martial arts athletes, HMB supplementation revealed positive effects on specific aerobic
capacity variables. Positive results were also disclosed in resistance trained athletes, where changes in strength, body fat
and muscle mass as well as anaerobic performance and power output were observed. The purpose of this review was to
present the main mechanisms of HMB action, especially related to muscle protein synthesis and degradation, and
ergogenic effects on different types of sports and physical activities.
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Introduction

Beta-hydroxy-beta-methylbutyrate (HMB) only 5% of leucine is converted to HMB in the
is a natural metabolite of leucine, one of the cytosol (Scheme 1) (Van Koevering and Nissen,
essential amino acids (Van Koevering and Nissen, 1992). Next, the isovaleryl-CoA is subsequently
1992). First, during reversible transamination, metabolized by various transformations to acetyl-
leucine is converted to alpha-ketoisocaproic acid CoA and other compounds (Kohlmeier, 2015).
(alpha-KIC) which, at the same concentration level Metabolism of HMB in the cytosol involves joining
as leucine, appears to be able to inhibit the a coenzyme A molecule (HMB-CoA), followed by
breakdown of muscle proteins (Chua et al., 1979). the conversion of the resulting compound into
Depending on whether alpha- KIC is in the beta-hydroxy-beta-methylglutaryl = coenzyme A
mitochondria or cytoplasm, it is converted to (HMG-CoA), which is the primary metabolite of
isovaleryl-coenzyme A (isovaleryl-CoA) by KIC HMB in the body (Scheme 1). With the
dehydrogenase or HMB by KIC dioxygenase, involvement of reductase, HMG-CoA is
respectively  (Sabourin and  Bieber, 1983). transformed into mevalonic acid, which is a
Conversion to isovaleryl- CoA inside liver precursor for the synthesis of cholesterol (Rudney,
mitochondria occurs with 95% probability, while 1957). The amount of HMB excreted in urine is
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dose-dependent. For low doses of this compound
(1 g/day), the amount of HMB excreted is 14%,
while for high doses (3 g/day), it is as much as 29%
(Vukovich et al., 2001).

The purpose of this paper was to present a
comprehensive review of HMB ergogenic
mechanisms which include the mTOR dependent
protein synthesis, the GH and IGF-1 synthesis,
satellite cell proliferation, ubiquitin-dependent
protein proteolysis and cholesterol biosynthesis.
The secondary purpose was to present the effects
of HMB supplementation on physical fitness and
sports performance.

The possible mechanisms of HMB action

The available literature shows that the
mechanism of action of HMB in the body is based
primarily on its ability to increase the integrity of
the myocyte cell membrane, i.e. sarcolemma, and
reduce the efficiency of intracellular proteolytic
pathways (Asadi et al., 2017; Nissen and Abumrad,
1997; Wilson et al., 2008). It is a consequence of the
antagonistic effect on the protein degradation
pathway by coupling them to a specific protein, i.e.
ubiquitin (Smith et al., 2005). Recent research also
mentions two additional mechanisms through
which HMB can have a positive effect on muscle
protein anabolism (Eley et al.,, 2007; Gerlinger-
Romero et al., 2011). These are the activation of the
mTOR kinase pathway (Eley et al., 2007) as well as
the increase in the level of transcription of the
insulin-like  growth factor-1 (IGF-1) gene
(Gerlinger- Romero et al., 2011). Besides, in vivo
studies point to the fact that HMB improves the
proliferation of muscle stem cells in fast twitch
fibers (Asadi et al., 2017). Enhanced satellite cell
proliferation should increase muscle hypertrophic
changes and functional changes (Alway et al.,
2013).

Several possible mechanisms of HMB
action on the human body are presented in Scheme
2.

The effect of HMB on the mTOR kinase pathway

The fundamental function of mTOR kinase
is to regulate the processes of cell transcription,
translation, proliferation and growth i.e. protein
synthesis (Asadi et al., 2017; Hay and Sonenberg,
2004). It seems that mTOR kinase plays a major role
in the adaptation of muscle fiber synthesis as a
result of intense physical effort (Hornberger, 2011),
as well as hormonal and nutritional stimulation. It
is known that HMB stimulates protein synthesis in

skeletal muscles (Nissen and Abumrad, 1997;
Smith et al., 2005). Relevant results were presented
by Pimentel et al. (2011). Those researchers
administered 320 mg/kg body weight of HMB to
rats. After supplementation they observed
significant muscle hypertrophy in the rodents;
mTOR kinase expression increased by 429%. Also
Baxter et al. (2005) confirm that HMB
supplementation decreased muscle protein
degradation while adding rapamycin, an mTOR
specific inhibitor, reduced this effect significantly.
Kornasio et al. (2009) in their experiment showed
that HMB, apart from stimulating the mTOR
kinase pathway (PI3K/Akt), additionally increased
the expression of IGF-1. However, it remains
unanswered whether the stimulation of mTOR by
HMB took place indirectly or directly. In another
study, it was observed that the activation of mTOR
kinase followed myotube hypetrophy in response
to IGF-1 (Arazi et al., 2018). Therefore, in future
research, it is essential to determine whether HMB
stimulates mTOR directly or as a result of
increased expression of IGF-1 (Bodine et al., 2001).
The effect of HMB on the stimulation of growth hormone
[ insulin-like growth factor-1 (GH / IGF-1) synthesis
In last years, researchers revealed that
HMB could stimulate the GH/IGF-1 synthesis.
(Arazi et al., 2015; Gerlinger- Romero et al., 2011).
In the study of Garlinger-Romero et al. (2011), rats
were administered 320 mg/kg body weight of
HMB for 4 weeks. After this time, they observed an
increase in mRNA-GH expression and GH levels of
65 and 20%, respectively. After the
supplementation period, the liver mRNA of IGF-1
increased by approximately 30%, and the
concentration in the serum of IGF-1 by almost 20%.
In that study, however, there was no increase in
IGF-1 levels in muscle cells, although in human
myoblasts there was a 2-fold increase in IGF-1,
additionally dependent on the dose of HMB
(Kornasio et al., 2009). IGF-1 has a strong anabolic
effect on skeletal muscle and is responsible for the
hypertrophy of muscle fibres (Fiorotto et al., 2003).
Unfortunately in the study of Portal et al. (2011),
the effect of HMB on IGF-1 changes in male and
female volleyball players compared to the placebo
group was not confirmed. The lack of
heterogeneity of the results seems to prove the
need for further research to verify this hypothesis.
HMB improves the proliferation of muscle stem cells
The effect of HMB on satellite cells
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proliferation and differentiation, at least in cell
cultures, is similar, yet greater compared to the
effect induced by IGF-1 (Arazi et al., 2015; Holecek
et al.,, 2017). Furthermore, it also influences the
expression of IGF-1 mRNA (Gerlinger-Romero et
al, 2011). HMB also acts directly on the
phosphorylation of serine-threonine kinase that is
responsible for the phosphorylation of several
proteins involved in the regulation of the
fundamental cellular processes, including their
proliferation (Arazi et al., 2015). In an in vitro study
in human myoblast satellite cells, an increase in the
expression of the MyoD protein, one of the markers
indicating proliferation of muscle cells, was
observed (Kornasio et al., 2009). The same study
also noted an increase in the number of cells
following the rise of the others myogenic
regulatory factors (MRFs, myogenin and MEF2)
that are responsible for the differentiation of
satellite cells, thus suggesting a direct effect of
HMB on myoblast proliferation and differentiation
(Kornasio et al.,, 2009). A similar trend, i.e. an
increase in the number of differentiated satellite
cells (MyoD, myogenin myonuclei) was also found
by Alway et al. (2013). In that study, an ergogenic
effect of HMB on the proliferation of satellite cells
of fast twitch muscle fibres was observed.
Ergogenic effects of HMB supplementation in
athletes

For more than a decade, athletes have been
regularly using HMB supplementation, expecting
to improve athletic performance, especially muscle
growth and body fat oxidation, decrease muscle
tissue degradation, and improve aerobic fitness
(Asadi et al., 2017; Arazi et al., 2015; Silva et al.,
2017; Wilson et al., 2014). Apart from that, some
authors still indicate that HMB requires more
research confirming its effectiveness as an
ergogenic aid (Kreider et al., 1999; Thomson et al.,
2009; Vulcan et al., 2012). The basic form of HMB
which has been used in research was the calcium
salt HMB-Ca (Jowko et al., 2001; Kreider et al.,
1999; Nissen et al., 1996). Recently, a new more
effective form free acid HMB-FA formula has been
developed and intensively studied (Asadi et al.,
2017; Silva et al., 2017; Teixeira et al., 2019).
Influence of HMB supplementation combined with
resistance training on strength variables and body
composition

Among the many elements of strength
training, high volume of work and overall training
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loads are the main factors influencing post-exercise
increases in the secretion of anabolic hormones
which stimulate muscle protein synthesis (Asadi et
al,, 2017, Wilk et al., 2018). Resistance trained
athletes use supplements such as whey protein,
amino acids or HMB to increase muscle mass and
finally increase strength and power reducing body
fat (Asadi et al., 2017; Bloomstrand et al., 2006;
Panton et al., 2000; Wilk et al., 2018; Woolf, 2001).
Since HMB increases beta-oxidation of the fatty
acids, it is also used as a supplement to reduce
body fat (Asadi et al., 2017). The first study in
which the effectiveness of HMB-Ca (salt form)
supplementation on muscular strength and body
composition was evaluated, was published by
Nissen et al. in 1996. In this work, the authors
investigated the effects of two doses of HMB (1.5
and 3.0 g/per day) during a 3-week resistance
training program in untrained male participants.
The HMB supplemented group versus the placebo
group were compared in a 1-RM testing protocol.
Total strength increased by 13% (1.5 g HMB/d) and
18.4% (3.0 g HMB/d), respectively, in subjects
ingesting HMB. Additionally, a positive trend in
fat-free mass (FFM) was observed. Subjects who
consumed 1.5 g HMB/d increased their FFM by 1.2
kg, while those that ingested 3.0 g HMB/d
increased their FFM by 4 kg. Improvements in
strength variables in all considered lifts, as well as
in total strength values during the intake of 3 g
HMB/d were also observed by Jéwko et al. (2001)
in a 3-week study with untrained participants.
Unfortunately, research by Nissen et al. (1996) did
not confirm these ergogenic effects of HMB on
muscular strength in trained athletes, with the
exception of the bench press exercise where
significant improvements were registered.
Additionally, a positive trend was observed in
FFM in the group ingesting HMB (1.4 kg; 2%)
compared to the placebo group (0.85 kg; 1.35%).
Another study, which confirms the effectiveness of
3 g supplementation of HMB per day during 12
weeks in 20 trained male subjects was performed
by Wilson et al. (2014). Those authors registered
strength increases in the squat and bench press in
the supplemented compared to the placebo group.
Changes in body mass (+1.8 kg), FFM (+5.3 kg), BF
(-3.4 kg), and quadriceps thickness (+4.8 mm), were
also observed in subjects supplemented with
HMB. Similarly, Asadi et al. (2017) in their six-
week study with HMB-FA supplementation
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demonstrated its efficacy on strength and power
performance. Panton et al. (2000) evaluated the
influence of 4-week supplementation with 3 g of
HMB per day during resistance training. After the
supplementation period, increases in 1-RM
strength occurred only in the HMB-group in
upper-body exercises. No differences in lower
body strength between the placebo and the HMB
group were observed. Those authors also
registered favorable changes in fat free mass (FFM)
(+1.4 kg placebo vs. +2 kg HMB group) and body
fat (BF) (-0.9% placebo vs. -1.5% HMB group).
Thomson et al. (2009) in their 9-week study
observed increases in leg extension strength and
decreases in biceps curl and bench press results.
They also observed decreases in overall skinfold
thickness and a positive trend in BF content.
Similar results were reported by Ransone et al.
(2003) who confirmed that HMB supplementation
decreased BF and increased FFM in professional
soccer players.

However, there are also studies with
athletes which reported no ergogenic effects of
HMB supplementation during resistance training
(Gallagher et al., 2000; Kreider et al., 1999, 2000;
Slater et al., 2001). A 4-week study conducted by
Kreider et al. (1999) on 40 trained males
supplemented with HMB with doses of 3 to 6 g per
day resulted in non-significant differences in 1-RM
variables (overall gains in 1RM strength, when
bench press and leg press values were combined).
Similarly, they did not observe differences in body
composition. In another 4 week study with 28 male
football players, Kreider et al. (2000) also reported
no significant influence of 3 g/d of HMB
supplementation on body composition. Moreover,
no significant differences were observed between
groups in 1-RM tests, in the bench press, squat,
power clean, and total lifting volume for all three
lifts combined between the supplemented and
placebo groups (Kreider et al., 2000). On the other
hand, Teixeira et al. (2019) investigated changes in
strength comparing HMB-Ca vs. HMB-FA
supplementation in 40 males. After 8-week
supplementation, there were no positive effects of
both HMB-Ca and HMB-FA formula on strength
measures in the 1RM protocol (IRM bench press
(kg); 1IRM back squat (kg)), nor muscle thickness of
the wvastus lateralis and rectus femoris.
Additionally, the same authors, in another 8-week
study with resistance training, reported no positive

effect of HMB-Ca and HMB-FA on FFM and BF
(Teixeira et al., 2018). Slater et al. (2001) performed
a similar study with 22 trained males (water polo
and Australian rowing Olympians). After 6 weeks
of supplementation, they also showed no positive
influence of 3 g of daily HMB-Ca and HMB-FA
supplementation, on strength in the 3RM, bench
press and leg press. Furthermore, no changes in
body composition were observed (Slater et al.,
2001). Gallagher et al. (2000) supplemented 37 male
subjects with 3 and 6 g/d of HMB over 8 weeks. No
differences between groups in the 1-RM test and
body composition were observed. However, a
positive trend in FFM (+1.9 kg) was noted in the
group supplemented with HMB.

The aforementioned results indicate that in
athletes the effects of HMB supplementation on
strength variables and body composition are not
equivocal (Assadi et al., 2017; Kreider et al., 2010;
Nissen et al., 1996). This can be explained by
several factors. Studies performed on trained
athletes mostly resulted in no influence on
strength, body composition and anaerobic power
output, during resistance training protocols lasting
from 3 to 9 weeks (Kreider, 1999; Slater et al., 2001).
Positive results in trained individuals were yet
observed in research in which the HMB
supplementation period lasted 12 weeks or longer
(Wilson et al,, 2014). Another reason that may
explain such discrepancies in literature is for the
use of different training protocols. In the first study
of Kreider et al. (1996), subjects maintained their
usual training routine and recorded all training
sessions on their training log sheets during the
supplementation period, without any additional
control during the workouts. Similarly, Thomson
et al. (2009) did not control the quality of training
sessions and based their results on self-reported
training logs (84% of accuracy and similarity
between participants in compliance of training).
On the other hand, in Wilson et al. (2008) used a
non-linear progression with tapered training
volume. These may generate differences in load
volume during the experiment between particular
groups of subjects. Differences in diet control may
have also influenced the final results (Thompson et
al., 2009), especially considering that not all studies
controlled the diet during the experiment. From
the studies presented in this review, only four of
them took diet into account (Jowko et al., 2001;
Kreider et al., 2000; Slater et al., 2001; Thomson et
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al., 2009), while in three studies pre- and post-
experimental dietary recalls were used, without
diet control during the study (Gallagher et al.,
2000a; Kreider et al., 1999; Teixeira et al., 2019). The
lack of strict dietary control and dietary co-
intervention may mask the effect of HMB
supplementation or induce a synergistic effect of
several variables (i.e. improvement in protein
turnover, management of vitamin and mineral
deficits).
Influence of HMB supplementation on anaerobic
performance and power output

Besides the influence on strength and
power, some researchers have investigated the
effectiveness of HMB supplementation on
anaerobic power (i.e. Wingate test) and
countermovement jump (CM]) performance
(Kreider et al., 2000; Wilson et al., 2014). The study
conducted by Wilson and et al. (2014) noticed an
improvement in Wingate test results and CM]
performance, while Kreider et al. (2000) did not
observe any enhancement in a 12 x 6 s sprint test
with 30-s rest intervals between sprints on a
computerized cycle ergometer.
The effects of HMB supplementation on inhibition of
protein degradation during endurance and resistance
training

Regardless of the type of training, working
muscles are exposed to proteolysis (Maciejewska et
al.,, 2017; Nissen et al., 1996; Smith et al., 2004).
Different conditions, such as aerobic and anaerobic
training, injury, immobilization, and fasting, may
increase muscle protein degradation (Michalczyk
et al., 2019; Reid, 2005; Thompson and Scordilis,
1994; Whitehouse et al., 2003). Various studies have
analysed interactions between proteolytic
pathways and HMB (Nissen et al., 1996; Smith et
al.,, 2004). HMB supplementation decreases TNF-a
and INF-y, inflammatory markers, leading to the
inhibition of proteolytic processes (Hoffman et al.,
2016). Smith et al. (2005) showed a positive effect of
HMB supplementation on the reduction of muscle
protein degradation in in vitro culture of mouse
myotubes infected with cancer cells, which was
treated with a proteolysis inducing agent,
increasing the activity of the ubiquitin-proteasome
proteolytic pathway. It could be ruled out that
HMB impacts this pathway indirectly, increasing
the activation of IGF-1 production and finally
increases muscle steam cell proliferation (Arazi et
al., 2015; Eley et al.,, 2008; Sacheck et al., 2004).
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However, in a recent study, Asadi et al. (2017)
confirmed that HMB-FA supplementation altered
resting hormonal concentrations, and those results
appear to be the first to indicate that HMB-FA
supplementation for six weeks can promote post-
training gains in GH and IGF-1. Those authors
concluded that six weeks of HMB- FA
supplementations induced significant increases in
anabolic hormones with reduction of catabolic
hormones and remarkable improvements in
strength and power performance (Asadi et al.,
2017). In a previous study, Willoughby et al. (2003)
suggested that if muscle degradation following
training was not intense and the activity of the
ubiquitin  pathway  decreased, thus the
effectiveness of HMB supplementation was not
significant. Those results suggest that HMB
supplementation to inhibit muscle mass
degradation is beneficial for individuals who are
recreationally physically active. However, in
professional athletes during preparatory periods,
when training loads are very high and different
training  methods are used, HMB-FA
supplementation could be beneficial to protect
from muscle damage (Asadi et al., 2017). Knitter et
al. (2000) evaluated the influence of HMB
supplementation on exercise induced muscle
damage after prolonged distance runs. The study
was conducted on 8 male and 8 female athletes,
running a weekly distance of 48 km or more for 6
weeks. Participants were randomly assigned either
to the experimental (3 g/d HMB) or the placebo
group. Before and after the intervention,
participants performed a 20 km cross-country
running test. In the experimental group, the levels
of creatine kinase (CK) and lactate dehydrogenase
(LDH), markers of muscle tissue damage, were
lower compared to the control group. The results
indicated that HMB supplementation reduced
exercise-induced muscle damage (Arazi et al,
2015; Knitter et al., 2000).
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The rate of absorption and bioavailability of
various HMB chemical forms

At present, two different forms of HMB are
available, monohydrated calcium salt Ca
(HMB)2-H-O and free beta-hydroxy-beta-
methylbutyric acid (HMB-FA). Athletes and
scientists most often use the HMB-Ca form
(Kreider et al., 1999; Nissen et al., 1996; Smith et al.,
2004). Vulkovich et al. (2001) indicated that the
concentration of HMB in the bloodstream is dose-
dependent and that taking 1 g of HMB-Ca would
result in the peak concentration of pure HMB in the
bloodstream after 2 hours. When administering 3 g
of HMB-Ca, the maximum concentration would be
observed already after one hour, being at the same
time three times higher than when administering 1
g. According to Fuller et al. (2011), using HMB-FA
as a dietary supplement (an amount equivalent to
HMB-Ca) results in a 2-fold higher HMB
concentration in blood serum, which is absorbed
four times faster than HMB-Ca. In addition,
analysis of the area under the curve, within 180
minutes of HMB administration, demonstrated
significantly better HMB-FA absorption when
compared to HMB-Ca. The plasma HMB half-life,
when administered in the form of HMB-FA, is 3.5
h, while form HMB-Ca it is 2.5 h. It seems that the
rate of decreased peak HMB-FA concentration in
the serum is 25% faster, which indicates faster
HMB uptake and degradation of the compound. At
the same time, it should be clearly stated that the
rate of urinary excretion of this compound does not
differ significantly between the analyzed forms of
HMB.
Optimal doses, time and period of HMB
supplementation

Based on the scientific data, it has been
observed that the effect of HMB is dose-dependent
and doses to be considered range between land 3
g per day (Fuller et al., 2011; Gallagher et al., 2000a;
Willson et al., 2013). In scientific research the most
commonly used doses of HMB include 1.5 g/d, 3
g/d or exceptionally 6 g/d (Zanchi et al., 2011).
Supplementation with doses of HMB-Ca equal to 6
g/d or lower than 3g/d does not seem to be more
effective in increasing lean body mass (LBM) and
strength of the subjects compared to the 3 g/d dose
(Gallagher et al., 2000a). There are also suggestions
that the intake of HMB should be adjusted to 38
mg/kg of LBM (Gallagher et al., 2000a). Based on
the research by Nissen et al. (1996), it can be seen

that HMB-Ca most effectively inhibits protein
degradation in the first two weeks of its use, while
a significant reduction in serum CK activity occurs
only in the third week after commencing the
supplementation. It seems that 2 weeks of HMB-Ca
supplementation is the minimum period that is
effective in reducing muscle damage. Nissen et al.
(1996) indicate that after the first 2 weeks of
supplementation, a new training stimulus should
be introduced, which may increase the level of
muscle cell damage, and thus use the protective
effect of HMB to a greater extent.

As for supplement timing, the training
goal should be taken into account, and various
HMB action patterns should be considered. The
most frequently used supplementation protocol
includes the administration of 1 g of HMB-Ca 3
time a day with meals (breakfast, lunch and
dinner). It is believed that this is the most optimal
model when the athlete wants to minimize the
damage to the trained muscle groups. For athletes
to reduce the time of post exercise recovery, it is
recommended to consume 3 g/60 min/HMB-Ca or
3 g/30 min/HMB-FA before exercise (Fuller et al.,
2011; Wilson et al., 2013).

The safety of HMB supplementation

Beta-hydroxy-beta-methylbutyric acid has
been widely studied for over two decades, not only
on cell lines, but also on animals and, above all,
pleiotropically on humans (Gerlinger-Romero et
al., 2011; Nissen and Abumrad, 1997; Nissen et al.,
2000; Smith et al., 2005). Various studies carried out
on rat models (Baxter et al., 2005) and their results
normalized for human equivalent dosing indicate
the safety of using HMB-Ca for an 81 kg adult male
of 50 g HMB-Ca per day, for three months, with no
visible side effects. At a dose of 6 g per month, no
effect on the cholesterol fractions, blood variables,
glycemic index, nor liver and kidney function were
observed (Gallagher et al., 2000b). Similarly,
during a one year HMB-Ca supplementation study
(2-3 g/d), which was combined with various amino
acids and carried out in elderly subjects, no
adverse effects were observed (Baier et al., 2009). In
conclusion, HMB in the doses described in the
literature seems to be completely safe, and may
improve various health markers (Arazi et al., 2015).

Conclusion

HMB is among the supplements, which
can be recommended for all sport disciplines
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regardless of sex and age. HMB supplementation
reduces post exercise muscle damage, and thus
accelerates recovery. It also allows for increases in
lean body mass, improved strength and aerobic
capacity. For competitive athletes, the most
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effective dose of HMB supplementation is 3
g/daily for 3 to 4 weeks. The legitimacy of research
with higher doses (up to 6 g) should be discussed.
It seems that HMB supplementation with
recommended doses is safe, well-tolerated and

does not induce any health problems, even if
consumed continuously over a period of one year.
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