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Abstract
Introduction  Yacon (Smallanthus sonchifolius), a tuber vegetable native to the Philippines has been
shown in previous studies to be a potentially effective antidyslipidemic. This study aimed to
determine the effect of the intake of yacon as adjunct to statins on the lipid profile of patients with
dyslipidemia.
Methods This was a randomized controlled trial comparing adult dyslipidemic patients treated with
statins alone or statin plus yacon syrup over a 6-week period. The total cholesterol, high density
lipoprotein (HDL), low density lipoprotein (LDL) and triglyceride levels after the treatment period were
compared with the baseline levels. The mean difference between the statin alone and statin plus
yacon syrup groups were compared.
Results Yacon syrup and statin combination therapy significantly reduced LDL (p < 0.05) and
increased HDL (p = 0.02) as compared to the control group. Yacon syrup was generally well tolerated
with the most frequent side effects being flatulence, early satiety, and increased defecation
frequency.
Conclusion These findings suggest a possible role for yacon syrup supplementation in the manage-
ment of patients with dyslipidemia.
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C      ardiovascular  diseases (CVDs) are  the  leading
      cause  of  mortality  in the world. CVDs cause
more deaths than any other disease annually.
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According to the World Health Organization
(WHO), CVDs were responsible for approximately
17.5 million deaths in 2012, accounting for 31% of
the total global deaths.1 In the Philippines, an
estimated 33% of the total deaths in 2014 were
attributed to CVDs.2 More than 80% of these diseases
are associated with lifestyle-related risk factors, all
of  which are preventable.3 These risk factors, if  not
corrected, could lead to metabolic and physiologic
derangements that could predispose an individual
to the development of  a multitude of  diseases,
including CVDs. One such risk factor is dyslipidemia,
which is defined as an elevated total cholesterol or
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low-density lipoprotein (LDL) levels, or a low high-
density lipoprotein (HDL) level4.

Hypercholesterolemia, or a high total cholesterol
level, contributes to a third of all ischemic heart
diseases globally and is responsible for about 2.6
million deaths, and 29.7 million disability-adjusted
life years (DALYs) annually.1 Among the components
of total serum cholesterol, LDL is the one most
associated with increased risk for CVDs and shows a
linear relationship with cardiovascular disease
incidence.4 On the other hand, a high level of  HDL
is associated with a reduced risk.5

Despite the advent of HMG-CoA reductase
inhibitors (statins), which have been shown to be very
effective in reducing total cholesterol and LDL, with
a variable effect on HDL, the prevalence of
dyslipidemia and consequentially CVDs, continues
to be quite high. In the Philippines, according to the
2013 National Nutrition Survey (NNS) published by
the Food and Nutrition Research Institute (FNRI),
the prevalence of borderline to high total cholesterol
level in persons aged 20 years and above is 46.9%,
especially in women 50 to 59 years. Moreover, the
overall prevalence of high LDL and low HDL
cholesterol level in the same population is at 47.2%
and 71.3% respectively.3

The continued high prevalence of dyslipidemia
and its devastating clinical consequences emphasizes
the need to come up with control measures that do
not only bring blood cholesterol and its components
to optimal levels but are also cost-effective,
sustainable, and, in a low-income country like the
Philippines, affordable.

Some studies have shown that yacon (Smallanthus
sonchifolius), a tuber vegetable that is native to many
provinces in the Philippines, may be an effective anti-
dyslipidemic agent. However, the findings of  these
studies are conflicting, and thus not entirely
conclusive. In addition, as far as the researchers know,
its effects and side effects on the Asian population,
particularly Filipinos, haven’t been established.

This study aimed to address this gap in
knowledge by determining the effect of the intake of
yacon as adjunct to HMG-CoA reductase inhibitors
(statins) on the lipid profile of Filipino patients with
dyslipidemia.

Methods
This was a randomized controlled trial comparing
adult dyslipidemic patients recruited from the

UERMMMCI Outpatient Clinic treated with statins
alone or statin plus yacon syrup over a 6-week
period.7 The total cholesterol, high density lipoprotein
(HDL), low density l ipoprotein (LDL) and
triglyceride levels after the treatment period were
compared with the baseline levels. The mean
difference between the statin alone and statin plus
yacon syrup groups were compared. The study was
approved by the UERMMMCI Ethics Review
Committee.

Male or female patients consulting at the
Outpatient Clinic, aged 30 to 65 years, with a total
cholesterol > 5.1 mmol/L, LDL > 1.7 mmol/L, or
HDL < 0.6 mmol/L, were recruited by purposive
sampling. Those with diseases that contraindicated
their participation and those who were mentally
incompetent were excluded. The subjects were
randomized via a fishbowl method into the treatment
and control groups. The treatment group took a statin
and 0.14g/KBW/day of yacon,8 while the control
group took a statin alone. Previous studies showed
that the standard deviation in the cholesterol level
of patients with dyslipidemia was 0.6 mmol/L.8 The
estimated difference between the cholesterol of the
treatment and control group post-treatment was set
at 0.8 mmol/L.8 Type I (α) error was set at 5%, with
80% power. The computed sample size was nine per
group, for a total of  18 subjects.

The yacon syrup was supplied by Doalnara, a
yacon tuber farm in Misamis Oriental.  The
preparation process included meticulous tuber
selection, washing and peeling, two rounds of coarse
grinding to extract the juice from the tubers, and
boiling over low heat for at least 24 hours until the
desired consistency of the syrup was reached. These
were then bottled and labelled. A random sample of
the yacon syrup was sent to a private laboratory where
the fructooligosaccharide content was determined to
be 27.88% through a fructan assay method. Yacon
syrup as a product has a very long shelf life with or
without refrigeration. It does not spoil and its
chemical composition does not change even after 12
years of  storage.8

After the researchers were granted permission by
the head of the Outpatient Clinic, recruitment of
participants commenced. The nature, risks, objectives
and methodology of the study were fully explained
to the prospective study subjects. After voluntarily
agreeing to participate, they were asked to sign the
informed consent form.
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Once recruited, the subjects’ demographic
characteristics, namely age, sex, weight, height, BMI,
and the statin were determined. Age, sex, and current
statin were determined via an interview. The subjects
were asked to come back the following day for
determination of weight, height, and blood extraction
for baseline serum total cholesterol, triglycerides,
LDL, and HDL. The lipid profile was done by the
hospital laboratory. Weight was taken with a digital
weighing scale, with the respondents fasted for 10
hours, wearing minimal clothing, no slippers, and
with an empty bladder. Height was taken while the
patient is standing up and under the same conditions.
BMI was computed using the formula, BMI = weight
(kg)/height (m)2.

The subjects were then instructed to pick a piece
of paper from a bowl which contained an odd or an
even number corresponding to their participation in
the control or treatment group, respectively. The dose
of the yacon syrup for the 6-week treatment period,
computed at 0.14g/KBW/day, along with a medicine
cup for accurate dose measurement, were given to
the subjects in the treatment group at this time. They
were instructed to divide the prescribed daily dosage
in two doses, once in the morning and once at night,
and to take the syrup 1 hour before meals. After
completion of the 6-week study period, serum lipid
profile values were again measured under the same
aforementioned conditions. To encourage
compliance, the subjects were followed-up every week
via an SMS. There was also continuous monitoring
for possible side effects throughout the study period.
All respondents were given a number which they
would contact in case of any side effects experienced.

Treatment success was defined as post-treatment
lipid profile values of total cholesterol <5.2 mmol/L
(200 mg/dL), triglycerides < 1.7 mmol/L (150 mg/
dL), HDL ≥ 1.5 mmol/L (60 mg/dL), and LDL <
2.6 mmol/L (100 mg/dL). Treatment failure was
defined as inability to meet these conditions.

The data gathered were tabulated using Microsoft
Excel. The data for age, height, weight, BMI, type of
statin taken, baseline and post-treatment lipid profile
values were expressed as mean ± SD. Data for sex
and side effects were expressed as frequencies. The
significance in the difference between age, height,
weight, BMI, and baseline and post-treatment lipid
profile values between the treatment and control
group was determined using an independent t-test.
The significance in the difference between the baseline

and post-treatment lipid profile values within the
control or treatment group was determined using a
paired t-test. An independent t-test was employed to
determine if there is a significant difference between
the mean difference in lipid profile values of the
treatment and control group. Significant difference
between the sex of the respondents and the type of
statin they were taking was determined using the chi-
square test with the p-value set at 0.05.

The effectiveness of yacon syrup as adjunct to
statin in achieving treatment success as compared to
statin alone was determined using relative risk (RR).
Additionally, the hazard ratio (HR) and number
needed to harm (NNH) were determined as an
indicator of the risk of developing adverse reactions
with the intake of  yacon syrup. The p-value was also
set at 0.05. All computations were done using
Statistical Package for Social Sciences (SPSS) 22.0.

Results
A total of  22 subjects were recruited for the study.
Two subjects, one from the control group and one
from the treatment group were lost to follow-up.
Another subject from the treatment group was
dropped from the study because of an illness which
prevented him from taking the syrup, leaving 19
subjects to complete the study. Table 1 shows that the
treatment and control groups were comparable
although there were more women in the statin plus
yacon group. Majority of  the subjects in both groups
used atorvastatin as their maintenance medication.

Table 2 shows significant decreases in the mean
serum total cholesterol, triglycerides, LDL and
significant increases in the HDL levels of the
treatment and control groups before and after
treatment except for the HDL of  the control group.
The decreases in the HDL and LDL between the
treatment and control groups were significant as seen
in Table 3. The decrease in cholesterol was greater in
the statin plus yacon group but the difference was
not significant. There was no difference in the
decrease of triglyceride levels between the two groups.
Table 4 shows that treatment success in the statin plus
yacon group is 3.3 times more likely as compared to
the control group. However, this was not statistically
significant.

Table 5 shows that there were more side effects
reported in the treatment group, the highest of  which
were frequency of  defecation and flatulence, which
were reported by four subjects. The relative risk of
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Table 1.   Demographic characteristics of subjects in the
treatment and control groups.

Characteristic Treatment Control p-value
n = 9 n = 10

Age (yr) 55.44 52.7 0.37a

Sex
    Male 2 (22.2%) 6 (60%) 0.09b

    Female 7 (77.8%) 4 (40%)

Anthropometrics
    Weight (kg) 64 63.35 0.89a

    Height (m) 1.6 1.63 0.43a

BMI (kg/m2) 24.94 23.81 0.37a

Baseline lipid profile
    Total cholesterol 7.39 7.04 0.25a

    Triglycerides 2.14 2.32 0.51a

    HDL 1.16 1.13 0.67a

    LDL 5.19 4.78 0.17a

Type of statin
    Atorvastatin 8 (88.8%) 7 (70%) 0.51b

    Simvastatin 1 (12.2%) 2 (20%)
    Rosuvastatin 0 1 (10%)

a Independent t-test
b Chi-Square

Table 2.  Lipid profile levels of subjects in the treatment and control groups before and after treatment.

Baseline Post-treatment Difference p-valuea

mean mean (SD)
(SD)

Total cholesterol
    Treatment 7.39 (0.70) 4.40 (0.36) 2.98 < 0.01
    Control 7.04 (0.57) 4.58 (0.67) 2.46 < 0.01

Triglycerides
    Treatment 2.14 (0.61) 1.44 (0.45) 0.70 <0.01
    Control 2.32 (0.52) 1.62 (0.49) 0.70 <0.01

HDL
    Treatment 1.16 (0.07) 1.42 (0.13) -0.27b <0.01
    Control 1.13 (0.16) 1.23 (0.13) -0.10b   0.07

LDL
    Treatment 5.19 (0.73) 2.23 (0.30) 2.96 <0.01
    Control 4.78 (0.49) 2.51 (0.56) 2.27 <0.01

a Paired t-test
b Negative values indicate a mean increase.

Table 3.   Mean difference in serum total cholesterol,
triglycerides, HDL and LDL reduction of treatment group and
control group post-treatment.

Treatment Control p-valuea

mean (SD) mean (SD)

Total cholesterol 2.98 (0.76) 2.46 (0.84)   0.17

Triglycerides 0.70 (0.33) 0.70 (0.38)   1

HDL       -0.27 (0.11)b       -0.10(0.16)b   0.02

LDL 2.96 (0.75) 2.27 (0.66)   < 0.05

a  Independent t-test
b Negative values indicate a mean increase.

Table 4. Relative risk of achieving treatment success with yacon
syrup as adjunct to statins.

   Success Failure     RR p-value
(95% CI)

Treatment 1    8    3.3
0.47

Control 0  10     (0.15, 72.09)
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experiencing these side effects is also shown, which
were not significant on statistical analysis. The
numbers needed to harm (NNH) are lowest for
increased defecation frequency and flatulence, and
highest for dizziness. Increased defecation frequency
and flatulence were most prominent during the first
week of treatment and disappeared with continued
use. Early satiety was persistent throughout the
duration of  the study.

Discussion
Our results showed that the yacon and statin
combination therapy significantly reduced the total
cholesterol, triglycerides, and LDL, and also
significantly increased HDL. The differences in the
reduction in LDL and the increase in HDL were
significant compared with the control group but the
decreases in total cholesterol and triglycerides were
not significant. Thus, the effect on the total cholesterol
and triglycerides could not be attributed solely to the
yacon syrup but could also be due to the effect of the
statin. The increase in HDL was not seen in the
control group and a significant difference between
the mean difference of the baseline and post-treatment
HDL values of the treatment and control group was
found. This means that yacon syrup supplementation
produced a significant positive effect on the HDL
levels of  the subjects in the treatment group. A
significant difference was also found between the
mean difference in LDL of the treatment and control
groups. This could mean that the combination of
yacon syrup and a statin produced a significantly

greater reduction in LDL as compared to statin
monotherapy.

The anti-dyslipidemic effect of yacon comes from
its high fructooligosaccharide (FOS) content. These
are short-chain carbohydrates that are resistant to
degradation and absorption in the small intestine and
therefore reach the large intestine unaltered, making
them potent prebiotics. Prebiotics are “indigestible
fermented food substrates that selectively stimulate
the growth, composition, and activity of microflora
in gastrointestinal tract.”9 Specifically, the
fermentation of FOS by intestinal flora selectively
stimulates the proliferation of beneficial lactose-
fermenting bacteria such as Lactobacillus.10

Several mechanisms have been proposed on the
cholesterol reducing effect of Lactobacillus strains and
other lactic acid bacteria (LAB). Aside from their
direct cholesterol-reducing effects by binding
cholesterol in the small intestines, incorporation of
cholesterol into their cell  membrane and co-
precipitation of  cholesterol to deconjugated bile, they
also express bile salt hydrolase (BSH), an enzyme
that catalyzes the deconjugation of bile salts.10 These
Lactobacillus strains are very efficient in deconjugating
bile salts. In an in vivo study, cultures of  Lactobacillus
strains were able to deconjugate 60 to 90% of bile
salts.11

Deconjugation of bile salts leads to the release
of free taurine and glycine which are reabsorbed and
free cholic acid which is excreted in the feces10. This
increased excretion of free cholic acid leads to a
decreased hepatic pool of  bile acids, leading to the

Table 5.   Side effects, their corresponding relative risk (RR) and number needed to harm (NNH).

Treatment    Control HR p-value      NNH
   (95% CI)

Increased defecation frequency 4 1 4.5 0.13   3
(0.62, 32.38)

Flatulence 4 0 9.9 0.11   3
(0.61, 161.74)

Early satiety 3 0 7.7 0.16   4
(0.45, 131.37)

Dizziness 1 1 1.11 0.94 90
(0.08, 15.28)

Drowsiness 1 0 3.3 0.45 10
(0.15, 72.09)
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de-downregulation of  cholesterol-7-α-hydroxylase.
Cholesterol-7-α-hydroxylase (CYP7A1) catalyzes the
first rate-limiting step of bile acid synthesis from
cholesterol. Thus, activation of  this enzyme leads to
increased usage of serum and hepatic cholesterol for
the synthesis of bile acids.12 Decreased hepatic
cholesterol, in turn, leads to increased expression of
LDL-receptors in the hepatocytes12. These mechanisms
probably account for the LDL and total cholesterol
reducing effect of increased bile acid secretion.

On the other hand, the HDL-increasing effect of
interrupting the enterohepatic circulation of bile is
just starting to be fully elucidated. Farnesoid-X
receptor (FXR), a member of the nuclear receptor
superfamily that is expressed in hepatocytes, is
activated by primary bile acids. Activation of this
receptor represses the gene expression of apoprotein
A1 (ApoA1), the major protein found in HDL.12 It
also represses the expression of the apoprotein M
(ApoM) gene, a protein responsible for HDL
maturation.13 Thus, decreased activation of  the FXR
receptor by decreased hepatic bile acid levels may lead
to an increased expression of the ApoA1 and ApoM
gene, possibly accounting for the increased HDL that
is seen with increased bile excretion. Indeed,
numerous studies have shown that increasing fecal
bile excretion decreases total cholesterol, LDL, while
increasing the levels of HDL cholesterol.12

The use of yacon as an agent for dyslipidemia, is
a relatively new area of  study. Only a few studies on
human subjects are currently available. A study done
by Genta et al,  on the effect of yacon syrup
supplementation to obese and slightly dyslipidemic
pre-menopausal women found that daily intake of
yacon syrup over a 120-day period produced a
significant reduction in LDL with a moderate increase
in HDL, with no effect seen on the total cholesterol
and triglycerides.8 These findings are congruent with
the results of the current study suggesting that yacon
is effective even with a shorter treatment duration.
Animal studies have shown the same results of
reduced total cholesterol14, 15 and triglycerides,16 and
increased HDL.16

Subjects in the treatment group were 3.3 times
more likely to achieve target lipid profile values as
prescribed by the American Academy of Clinical
Endocrinologists. However, this was not found to
be significant. There could be a temporal factor to
this finding, and further investigation is warranted.
Still, a greater change in the LDL and HDL values

warrants consideration when it comes to managing
dyslipidemia. The inverse relationship of  LDL levels
with the risk of major cardiovascular events (MCE)
is fairly established. A meta-regression analysis of
statin trials done in 2012 found that for every 1
mmol/L decrease in LDL, there is a corresponding
19% reduction of risk of MCE.17 In contrast, the
relationship between increasing HDL levels and the
risk of MCE is more controversial. The same meta-
regression analysis found that there is no risk
reduction seen per 1 mmol/L increase in HDL.17 On
the other hand, another meta-analysis done in 2013
found that HDL levels are indeed associated with a
reduced risk of MCE.18 Still yacon supplementation
can be a consideration in managing dyslipidemic
patients if  only for its effect on LDL alone. Moreover,
we did not find any literature associating any risks
with increased HDL.

Side effects identified with the intake of yacon
included increased frequency of  defecation, flatulence,
and early satiety. These effects could be attributed to
the FOS in yacon. FOS, as discussed earlier, are non-
digestible carbohydrates that reach the colon largely
unaltered, allowing them to add bulk to the intestinal
contents. This could account for the increased
frequency of  defecation. Early satiety, which could
be an indirect effect of slower gastric emptying and
appetite suppression, which are consequences of the
glucagon-like protein 1 (GLP-1), GIP, and ghrelin
modulation effects of  FOS.8 Flatulence is due to the
gas produced as a by-product of the fermentation of
FOS by gut bacteria.19 Increased defecation frequency
and flatulence were most prominent during the first
few weeks of treatment which could suggest a period
of  adaptation. Interestingly, increased defecation
frequency and early satiety were not considered to be
bothersome by the subjects. Rather, most of  the
subjects felt that these side effects were actually
beneficial as most of them had problems with
constipation and weight reduction. The risk of
experiencing side effects with yacon intake is
moderate, with NNH ranging from 3 to 90.
Nonetheless, these symptoms were perceived to be
mild, lessen in severity with continued treatment, and
even desirable.

The findings of this study could serve as a basis
for a larger clinical trial that could examine the long-
term effects of yacon in the management of
dyslipidemia, and its effect on the incidence of
cardiovascular diseases. Further research could also
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be done on the possible role of yacon in the
management of patients with dyslipidemia but do not
require statin therapy. The effect of  increased
defecation frequency and early satiety necessitates
further investigation on the use for yacon in the
management of constipation and in weight reduction,
respectively. In conclusion, our results suggest a
possible role for yacon syrup as adjunct to statins in
the management of patients with dyslipidemia.
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