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ABSTRACT
Background: cashew nut is an almond known for its cardiovascular
benefits in adults and weight gain effects in malnourished children, as
supported by research. However, its impact on overweight children
remains unexplored. 
Objective: to  analyze the effect  of  consuming biscuits  made with
cashew nut flour on the blood glucose and serum triglyceride levels of
children with overweight/obesity over four weeks.
Methods: a  pilot,  randomized,  open-label  clinical  study  was
conducted with 19 overweight  children (11 in intervention group 1
[G1] and 8 in group 2 [G2], aged between 7 and 15 years. Over four
consecutive weeks,  they consumed, daily,  three biscuits with 50 %
cashew nut flour composition (G1) and six biscuits with 50 % cashew
nut flour composition (G2). The biomarkers analyzed were glycated
hemoglobin  (HbA1c),  triglycerides  (TG),  low-density  lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and
total  cholesterol  (TC)  at  baseline  and  seven  days  post-biscuit
consumption. 
Results: post-experiment, the TG (p = 0.153), HDL-C (p = 0.895),
and TC (p = 0.122) biomarkers showed no significant changes. LDL-C
levels  experienced  a  slight  but  statistically  significant  increase  of
0.52 %  across  all  participants  (p =  0.031).  In  contrast,  non-HDL
cholesterol levels saw a minor yet significant reduction of -1.7 % in



serum concentration (p = 0.014). Independent of group allocation, the
participants'  HbA1c  and  average  blood  glucose  levels  significantly
decreased by 12.1 % (p < 0.001) and 17.9 % (p < 0.001), respectively
(Cohen’s Δ = 1, in both instances). 
Conclusion: consumption of biscuits containing cashew nut flour by
overweight/obese children positively affected the reduction of blood
glucose  and  non-HDL  cholesterol  biomarkers  in  both  groups,
regardless of the formulations used.

Keywords: Overweight.  Anacardium. Nutritional supplements.  Child.
Clinical trial.

RESUMEN
Antecedentes:  el  anacardo  es  un  fruto  seco  conocido  por  sus
beneficios cardiovasculares en los adultos y sus efectos de aumento
de  peso  en  los  niños  desnutridos,  según  lo  respaldan  las
investigaciones. Sin embargo, su impacto en los niños con sobrepeso
sigue sin explorarse.
Objetivo: analizar el efecto del consumo de galletas elaboradas con
harina  de  anacardo  sobre  los  niveles  de  glucosa  en  sangre  y
triglicéridos séricos de niños con sobrepeso/obesidad durante cuatro
semanas.
Métodos: se realizó un estudio clínico piloto, aleatorizado y abierto
con 19 niños con sobrepeso (11 en el grupo de intervención 1 [G1] y
8 en el grupo 2 [G2], con edades entre 7 y 15 años. Durante cuatro
semanas  consecutivas,  consumieron  diariamente  tres  galletas  con
composición de harina de anacardo al 50 % (G1) y seis galletas con
composición  de harina  de anacardo 50 % (G2).  Los  biomarcadores
analizados fueron: hemoglobina glicosilada (HbA1c), triglicéridos (TG),
colesterol de lipoproteínas de baja densidad (LDL- C), colesterol de
lipoproteínas de alta densidad (HDL-C) y colesterol total (CT) al inicio
y siete días después del consumo de las galletas.



Resultados: tras el experimento, los biomarcadores TG (p = 0,153),
HDL-C  (p =  0,895)  y  TC  (p =  0,122)  no  mostraron  cambios
significativos.  Los  niveles  de  LDL-C  experimentaron  un  aumento
ligero,  pero  estadísticamente  significativo  del  0,52 % en  todos  los
participantes (p = 0,031). Por el contrario, los niveles de colesterol no
HDL  experimentaron  una  reducción  menor  pero  significativa  del  -
1,7 % en la concentración sérica (p = 0,014). Independientemente de
la asignación de grupo, los niveles promedio de HbA1c y glucosa en
sangre  de  los  participantes  disminuyeron  significativamente  en un
12,1 % (p < 0,001) y un 17,9 % (p < 0,001), respectivamente (Δ de
Cohen = 1 en ambos casos).
Conclusiones:  el  consumo  de  galletas  que  contienen  harina  de
anacardo  por  parte  de  niños  con  sobrepeso/obesidad  afectó
positivamente  a  la  reducción  de  los  biomarcadores  de  glucosa  en
sangre y colesterol no HDL en ambos grupos, independientemente de
las formulaciones utilizadas.

Palabras  clave: Sobrepeso.  Anacardo.  Suplementos  nutricionales.
Niño. Ensayo clínico.

INTRODUCTION
The prevalence of  overweight  among children aged 5 to  19 years
escalated  from  4 %  to  18 %  between  the  years  1975  and  2016,
amounting to 124 million individuals within this age group classified
as overweight and/or obese (1). In Brazil, over three decades (1990,
2000, 2010), the prevalence of pediatric overweight/obesity has seen
a  significant  rise  (1990:  6.5 %;  2000:  8.4 %;  2010:  12.0 %).  An
epidemiological  study highlighted  a  considerable prevalence in  the
Northeast region (9.67 %), only surpassed by the South (11.52 %) and
Southeast (10.41 %) regions, thus emphasizing that excess weight is
not solely linked to more developed urban centers (2,3).



In  the  school  environment,  children  are  exposed  to  a  myriad  of
dietary  stimuli,  both  through  interaction  with  peers  from  diverse
socio-economic backgrounds and the composition and quality of the
school  meals.  The  habitual  offer  and  consumption  of  nutritionally
deficient, carbohydrate-rich school snacks may contribute to pediatric
obesity, accounting for 12 to 13 % of their daily energy intake, the
physiological  and  metabolic  effects  of  which  appear  to  provide  a
justification  for  the  observed  increase  in  body  weight  during  this
phase  (4).  Furthermore,  an  appropriate  dietary  approach  in  this
setting could foster healthy eating behaviors.
The composition  of  school  meals  has also evolved,  featuring foods
high in carbohydrates and sugars, a concerning development since
this  consumption  pattern  has  been  associated  with  a  range  of
metabolic harms, including systemic arterial hypertension (SAH), type
2 diabetes mellitus (DM2), fatty liver disease, obstructive sleep apnea
syndrome,  chronic  inflammation,  and psychological  issues  (5,6).  In
this  context,  focusing  on  the  substitution/addition  of  foods  and
nutrients that aid in weight reduction represents a potentially more
suitable nutritional intervention strategy in this population (7-9).
However, the relationship between the consumption of nutraceutical
products  and  body  weight  in  children  remains  unclear.  There  is
evidence that dietary intake of cashew nuts (Anacardium occidentale
L.), an oleaginous seed with high protein and lipid content, can serve
as an energy source and reduce the risk of developing SAH and stroke
(10-12). Research findings have shown that cashew nuts have effects
on serum levels of high-density lipoprotein (HDL) (13,14).
The mechanisms by which cashew nut intake may exert  beneficial
effects on metabolic health are numerous but may include the high
levels  of  proteins  and  fibers,  which  are  associated  with  reduced
appetite, increased satiety, and consequently, weight reduction (14-
17).  However,  these effects  have not  been studied using products
containing cashew nut flour nor specifically in children. Therefore, the
aim of this study was to investigate the effect of consuming biscuits



containing  cashew  nut  flour  on  children  aged  7  to  15  years  with
overweight/obesity  in  terms  of  blood  glucose  and  triglyceride
regulation.  Our  hypothesis  is  that  the  consumption  of  biscuits
containing cashew nut flour during school snack times would reduce
subjective  appetite  to  a  greater  extent  than  the  conventionally
offered  ultra-processed  snacks,  thereby  being  more  effective  in
lowering glycemic and triglyceride levels.

MATERIALS AND METHODS

Study design
We conducted an open-label, randomized clinical trial with repeated
measures  before  and  after  intervention.  Participating  children
engaged  in  a  4-week study,  during  which  they  consumed  biscuits
containing cashew nut flour and other healthful ingredients, such as
brown sugar, rice flour, and palm fat.

Participants
Children aged 7 to 15 years, assessed as overweight/obese according
to international standards for measuring body mass index (BMI), were
recruited from a public  school  in Imperatriz,  Maranhão, Brazil  (18).
The study adhered to the Brazilian Registry of Clinical Trials and all
ethical  components  were  reviewed and  approved  by  the  Research
Ethics  Committee  of  the  Federal  University  of  Maranhão.  Children
were excluded if they had a history of cashew nut allergy, had started
a nutritional intervention for overweight/obesity, or had a diagnosis of
severe neurodevelopmental disorders.
Children meeting the inclusion criteria provided written consent, and
their  parents provided written authorization for  participation  in the
study. Biomarkers including TG, HDL-C, LDL-C, CT, and HbA1c were
obtained using a blood sample equivalent to 9 ml, divided into a 4 ml
tube  with  ethylenediaminetetraacetic  acid  (EDTA)  (purple  tube)



serving as an anticoagulant, and 5 ml of blood in a non-anticoagulant
tube with separator gel (rede tube).
This is the first experiment assessing the effect of cashew nut flour-
containing biscuit consumption in overweight/obese children, making
it impossible to use data from similar studies to detect a percentage
difference in post-intervention biomarkers and the minimum number
of participants.

Protocol
The  experiment  was  conducted  in  a  municipal  public  school,
consisting of 30 consecutive daily sessions over 4 weeks. After a 12-
hour  overnight  fast,  children  had  blood  samples  collected  at  the
school,  before  and  seven days  after  the  intervention  ended.  Upon
arrival,  the  children's  parents  filled  out  an  initial  questionnaire  to
provide  socioeconomic  information  and  ensure  adherence  to  the
study protocol in the 12 hours preceding the blood collection. Children
were assigned a sequence number to consume varying amounts of
cashew nut flour-containing biscuits on each study session day. The
biscuit  consumption  timing  was  designed  to  replicate  the  natural
school snack time.

Cashew nut-flour biscuits
The biscuits used in this experiment consisted of cashew nut flour (32
g), rice flour (32 g), brown sugar (14 g), palm fat (15 g), and other
ingredients.  The  biscuits  were  produced  in  the  food  engineering
laboratories  of  the  Federal  University  of  Maranhão,  where  they
underwent physicochemical and microbiological analysis before being
distributed  for  consumption  during  the  intervention.  Children  were
invited to consume the biscuits during school snack time, within the
class break.
Two  different  intervention  protocols  were  applied  for  biscuit
consumption.  In  Intervention  Group  1  (GI  1),  children  followed
intervention  protocol  1,  receiving  three  biscuits  containing  50 %



cashew nut flour in composition in replacement of rice flour for 30
days. After the intervention ended, a seven-day break was observed
before post-protocol 1 reassessment. In Intervention Group 2 (GI 2),
children followed intervention protocol 2, receiving six biscuits with
50% cashew nut flour in composition also replacing rice flour for 30
days. After the intervention ended, a seven-day break was observed
for post-protocol 2 reassessment.

Measurements
Blood  samples  for  biomarker  measurements  were  collected  using
commercial  kits  from  Labtest  Diagnóstica  S/A®  with  standardized
techniques  based  on  enzymatic  and  colorimetric  methods  through
spectrophotometry  according  to  the  manufacturer's
recommendations.  Concentrations  were  determined  using  an
automatic  biochemical  analyzer,  while  LDL-C  determinations  were
calculated using the Friedewald formula (19).
A blood sample equivalent to 9 ml was collected from each child,
divided into a 4 ml tube with EDTA, serving as an anticoagulant, and 5
ml of blood in a non-anticoagulant tube with separator gel. The tubes
with  blood  samples  were  labeled  with  the  child's  name  and
identification number, collection date, and stored in a properly sealed
styrofoam  box,  immediately  transported  to  the  clinical  analysis
laboratory on the same day. Biomarker measurements of HbA1c, CT,
TG,  HDL-C,  and  LDL-C  were  taken  at  the  beginning  of  the  study
(before the experiment) and seven days after the experiment.

Statistical analysis
The Statistical Package for Social Sciences (SPSS), Chicago, version
11.5 for Windows, using a p-value ≤ 0.05 as significant, was utilized
for  all  statistical  analyses  with  data  reported  as  means,  standard
deviation.  To  determine  the  effect  of  the  biscuits,  comparison
analyses between groups were performed using the Student's t-test



for paired samples, the Wilcoxon test for combined group analysis,
and the Mann-Whitney test for within-group comparison.

RESULTS
A total of 19 children completed this study. It can be seen that the
Intervention  Group  1 (GI  1)  and  Intervention  Group  2 (GI  2)  were
homogeneous regarding the sociodemographic variables under study.
The majority of participants were male (GI 1 = 6 and GI 2 = 7), mixed
race (GI 1 = 6 and GI 2 = 5) and had an income above two minimum
wages  (GI  1  =  6  and  GI  2  =  5).  Concerning  age,  participants  in
Intervention  Group  2  (GI  2)  were  older  compared  to  those  in
Intervention Group 1 (GI 1) (mean = 11.0 and 12.9 years; median =
12.0  and  13.0  years;  standard  deviation  =  2.05  and  2.02  years,
respectively) (p = 0.027).
Children  in  both  groups  exhibited  homogeneity  regarding  the
nutritional  and/or  metabolic  biomarkers  under  study  prior  to  the
initiation of the research. It is also important to highlight the presence
of hypertriglyceridemia and hyperglycemia observed at this baseline
stage in both groups (Table I).
From the perspective of the selected glycemic and lipid biomarkers,
at the end of the intervention, both Intervention Group 1 (GI 1) and
Intervention  Group  2  (GI  2)  did  not  exhibit  statistically  significant
differences or magnitude in their values (Table II).
The biomarkers for triglycerides, HDL, and total cholesterol  did not
undergo significant changes throughout the experiment (Table III).
Within  the  lipid  profile,  it's  noteworthy  that  LDL-cholesterol  levels
exhibited  a  slight  but  statistically  significant  increase  of  0.52 %
(Wilcoxon signed-rank test,  p = 0.031) across all participants in the
sample.  Conversely,  for  the  non-HDL-cholesterol  biomarker,  an
opposite trend was observed: a minor yet significant decrease of -
1.7 % in serum concentration (Wilcoxon signed-rank test,  p = 0.014)
(Fig. 1 and 2).



HbA1c and the estimated average glucose (EAG) of the experiment
participants significantly decreased by 12.1 % (p < 0.001) and 17.9 %
(p <  0.001),  respectively,  with  a  Cohen's  delta  (Δ)  of  1  in  both
instances, regardless of the allocation group (Fig. 3 and 4).

DISCUSSION
The  principal  finding  of  this  study  was  that  the  consumption  of
biscuits containing cashew nut flour for 30 days resulted in beneficial
effects on the glycemic and lipid profile of overweight children. It's
noteworthy  that  there  are  no  similar  studies  in  the  literature
regarding the use of food products with this flour in this audience,
making  this  the  first  randomized  clinical  trial  to  analyze  such  an
effect.
In this research, participants exhibited baseline average GME values
indicating a predisposition to diabetes, which, after the experiment,
showed  a  significant  reduction  in  both  average  GME  and  HbA1C
values  in  both  groups.  These  results  align  with  the  fact  that  the
chemical  and  nutritional  composition  of  cashew  nuts  has  a  low
amount of available carbohydrates, meaning it does not significantly
contribute to postprandial blood glucose. Furthermore, it is a source
of  dietary  fiber,  capable  of  increasing  the  viscosity  of  intestinal
content and delaying nutrient absorption in the gastrointestinal tract,
thereby prolonging the sensation of satiety (15,16).
Research  reports  demonstrate  that  the  dietary  fiber  present  in
cashew nuts appears to be resistant to digestion by enzymes in the
small intestine, becoming susceptible to fermentation by bacteria in
the  colon  with  consequent  production  of  short-chain  fatty  acids
(SCFAs).  SCFAs  have  been  shown  to  reduce  hepatic  glucose
production  and  stimulate  the  secretion  of  the  incretin  hormone
glucagon-like  peptide  1  (GLP-1)  (20).  GLP-1,  along  with  other
incretins, acts as a gastric inhibitory polypeptide (GIP), promoting the
proliferation of beta cells and their insulin secretion, thus favoring the
maintenance of blood glucose levels (21).



Another study shows that regular consumption of this nut may slow
carbohydrate absorption and stimulate incretin  secretion,  positively
impacting  glucose  homeostasis  when  consumption  is  ≥  5
servings/week  (where  1  serving  =  15  g)  compared  to  <  1
serving/month was associated with a lower HOMA-IR (22).
Therefore, it is likely that, in addition to these characteristics present
in cashew nut flour, the hypoglycemic effect was potentiated in our
study  by  replacing  refined  sugar  with  brown  sugar  in  the  biscuit
formula.
This discovery supports the fact that brown sugar differs from refined
sugar in not undergoing refinement processes, such as color removal
through  activated  carbon  adsorption,  thus  maintaining  its  original
color. Accordingly, this sugar has a lower percentage of sucrose and
retains  micronutrients  like  potassium,  phosphorus,  calcium,
magnesium  and  sodium,  as  well  as  polyphenols  and  policosanol,
originally  present  in  sugarcane  juice,  which  are  important  for
metabolism and physiological regulatory processes (23).
A study published in the Journal of Obesity & Metabolic  Syndrome,
after evaluating the effects of high concentrations of white sugar and
brown sugar  on insulin  resistance and body weight  in  albino  rats,
showed a significant  increase in  insulin  resistance in  both  groups,
related to high exposure. However, in rats treated with refined sugar,
the amount  of  changes  in  insulin  resistance and body weight  was
greater compared to rats treated with brown sugar (p < 0.05) (24).
The presence of  brown sugar polyphenols  along with anthocyanins
present in rice flour, another ingredient used in the formulation of the
research  biscuits,  may  have  exerted  antioxidant  effects  on  the
glycemic indexes of the researched children. Rice flour is produced
from the residue called "broken rice," located in the outer layers of
the  grain  (23).  Thus,  it  differs  from  other  flours  due  to  its
hypoallergenic properties, easily digestible carbohydrates, low sodium
levels, and the vast composition of anthocyanins, mainly cyanidin-3-
glucoside and peonidin-3-glucoside (21).



Another  report  found  that  anthocyanins  possess  high  antioxidant
power, demonstrating effective action in combating oxidative stress
in  human  metabolism,  acting  preventively  in  chronic  non-
degenerative diseases such as diabetes and cardiovascular diseases.
Therefore, given its nutraceutical properties, rice flour has been used
to  replace  wheat  flour  in  preparations  such  as  bread,  cakes,  and
biscuits (25).
In this study, the consumption of biscuits containing cashew nut flour
also impacted the triglyceridemia of the researched children. Similar
results  to  our  study  estimated  the  effects  of  different  nuts
consumption on the blood lipid profile  of  overweight  children,  with
findings  indicating  a  strong  association  between  cashew  nut
consumption and an increase in HDL-cholesterol (26).
A clinical trial conducted at the Beltsville Human Nutrition Research
Center,  Maryland,  identified  that  the  consumption  of  42  g/day  of
cashew nuts did not show effects on blood lipids, lipoproteins, nor on
central  or  peripheral  blood  pressure,  these  being  considered  risk
factors for cardiovascular diseases (CVD), in healthy adults (27). Also,
a systematic review that included four RCTs, evaluated the effect of
nut  consumption  on  health  and  diet  quality  in  children  with
appropriate  weight,  found  no  association  between  nut
supplementation and changes in the lipid  profile  of  these children.
However, in both studies, the authors clarify that the scarcity and lack
of data consistency limit conclusions about a possible association, as
well as the use of multiple nuts in the experiment (28).
The fact that cashew nuts are a source of proteins, carbohydrates,
amino  acids,  mono-  and  polyunsaturated  fatty  acids,  phytosterols,
omega-6,  B-complex  vitamins,  vitamins  E  and  A,  iron,  zinc,
phosphorus, magnesium, selenium, copper, and potassium, reaffirms
their  nutraceutical  properties  (29).  Thus,  they  can  exert  positive
effects,  directly  and  indirectly  on  cells,  such  as  maintaining  their
normal  functions,  since  fatty  acids  participate  in  the  process  of
transferring oxygen to the bloodstream, cell division, and hemoglobin



synthesis,  and  have  anti-inflammatory  and  antioxidant  functions
(30,31).
Given the vast amount of nutrients in this product used in the biscuit
formulation, it's worth noting that previous studies using cashew nut
flour  in  malnourished  children  and  those  living  with  human
immunodeficiency virus  (HIV)  demonstrated positive  effects  of  this
use  in  increasing  nutritional  status,  evidencing  improvement  in
glycated  hemoglobin  and  hematocrit,  elevation  of  HDL-C,  and
reduction of LDL-C (14,32).
The study's results must be viewed within the limits of its limitations,
including the difficulty of ensuring that adherence to the consumption
of biscuits containing cashew nut flour was high (≥ 70 %) until  the
end of the experiment, as it was not possible to monitor the complete
intake of the product,  as some children saved biscuits to consume
after  school  snack time and also  took  them home to  consume on
weekends and holidays.
Furthermore, the interaction between nutrients from the intervention
biscuits and food substances from the diet was not investigated. For
future  investigations,  it  is  important  to  consider  the  aspects  of
bioavailability. A final limitation is that, although overweight children
were recruited for this study, the total number of overweight children
in the school  used in  the experiment (n = 19)  was relatively  low.
Thus, it is suggested to conduct more studies with a broader, more
representative sample of other socioeconomic realities.

CONCLUSION
In conclusion, the study sample demonstrated that the consumption
of biscuits  containing cashew nut  flour by overweight  children and
adolescents over a period of four weeks led to a reduction in blood
glucose  and  non-HDL  cholesterol  levels  in  both  groups.  Therefore,
such consumption may benefit glycemic parameters and lipid profiles
in overweight/obese children.
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Figure 1. Comparison of non-HDL (mg/dL) values of all experiment 
participants (n.o HDL: non-HDL cholesterol before; n.o HDL2: non-HDL
cholesterol after).



Figure  2.  Comparison  of  LDL  (mg/dL)  values  of  all  experiment
participants  (LDL:  low-density  lipoprotein  before;  LDL2:  low-density
lipoprotein after). 



Figure 3. Comparison of HbA1C (%) values before and after nutritional
intervention  among  all  participants  (HbA1c:  glycated  hemoglobin
before; HbA1c2: glycated hemoglobin after).



Figure  4.  Comparison  of  GME  (mg/dL)  values  for  all  experiment
participants  (GME: estimated average blood glucose before;  GME2:
estimated average blood glucose after).



Table  I.  Baseline  comparison  of  experimental  groups  regarding
metabolic and/or nutritional biomarkers

Biomarkers Group M MD SD SE
p-
value*

Glycated
hemoglobin (%)

GI 1 5.700 5.700 0.2720
0.082
0

0.640
GI 2 5.780 5.750 0.155

0.049
0

Estimated
average  glucose
(mg/dL)

GI 1
116.89
0

116.89
0

7.8072
2.354
0

0.640
GI 2

119.18
6

118.32
5

4.446
1.406
0

Triglycerides
(mg/dL)

GI 1
115.90
9

117.00
0

26.886
6

8.106
6

0.430
GI 2

107.81
8

96.000 51.703
15.58
89

LDL (mg/dL)
GI 1 90.751 77.240

32.457
2

9.786
2

0.840
GI 2 86.645 90.390 15.580

5.508
4

Non-HDL
GI 1

111.54
5

105.00
0

32.690
6

9.856
6

0.591
GI 2

108.50
0

112.50
0

16.053
5.675
8

HDL (mg/dL)
GI 1 48.727 48.000

13.602
1

4.101
2

0.901
GI 2 48.875 44.500 11.218

3.966
1

Total  cholesterol
(mg/dL)

GI 1
165.09
1

177.00
0

24.163
8

7.285
7

1.000
GI 2

167.09
1

164.00
0

16.519
4.980
8

*Mann-Whitney test. M: mean; MD: median; SD: standard deviation;
SE: standard error.





Table  II.  Comparison  between groups  regarding  glycemic  and lipid
metabolism biomarkers after nutritional intervention

Biomarker Group N M MD SD SE
p-
value*

HbA1c (%)
Cohen's  Δ  =  -
0.22

GI 1 11 4.97 5.00
0.31
3

0.094
5

0.640
GI 2 8 5.04 5.00

0.26
2

0.092
5

Estimated
average glucose
(mg/dL)
Cohen's  Δ  =  -
0.22

GI 1 11
96.0
2

96.8
0

8.99
3

2.711
4

0.640
GI 2 8

97.8
8

96.8
0

7.50
6

2.653
6

Total
cholesterol
(mg/dL)
Cohen's  Δ  =  -
0.01

GI 1 11
157.
36

151.
00

28.3
35

8.543
2

0.968
GI 2 8

156.
88

160.
50

21.3
77

7.558
0

HDL (mg/dL)
Cohen's  Δ  =  -
0.17

GI 1 11
47.4
5

46.0
0

14.6
52

4.417
7

0.715
GI 2 8

49.7
5

46.0
0

11.1
58

3.944
9

LDL (mg/dL)
Cohen's  Δ  =  -
0.15

GI 1 11
91.2
4

78.2
7

32.1
40

9.690
4

0.741
GI 2 8

87.0
9

91.2
8

15.5
43

5.495
2

Non-HDL
Cohen's  Δ  =
0.13

GI 1 11
109.
91

103.
00

32.2
26

9.716
4

0.771
GI 2 8

106.
25

110.
50

15.5
45

5.495
9

Triglycerides
(mg/dL)
Cohen's  Δ  =

GI 1 11
91.1
8

93.0
0

38.3
45

11.56
15

0.698

GI 2 8 98.0 88.5 35.3 12.48



0.18
0 0 03 14

*p-value:  paired  Student's  t-test  (all  variables  showed  p >  0.05
according  to  the  Kolmogorov-Smirnov  test);  Cohen's  Δ: effect  size
magnitude;  M:  mean;  MD:  median;  SD:  standard  deviation;  SE:
standard error.



Table  III.  Triglycerides,  HDL-cholesterol  and  total  cholesterol
biomarkers before and after the experiment

Biomarkers
Time
Point

M MD SD SE
p-
value*

Triglycerides
(mg/dL)

Before 94.1 93 36.2 8.31
0.153

After 105.9 113 38.2 8.76

HDL (mg/dL)
Before 48.4 46 13.0 2.98

0.895After 48.8 46 12.3 2.83
Total
Cholesterol
(mg/dL)

Before 157.2 153 25.0 5.73
0.122

After 163.9 164 21.0 4.81

*Wilcoxon’s test; M: mean; MD: median; SD: standard deviation; SE:
standard error.


