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Abstract
Obesity can lead children and adolescents to an increased cardiovascular disease (CVD) risk. A diet supplemented with Plantago
psyllium has been shown to be effective in reducing LDL-C and IL-6 in adolescents. However, there are no studies that have
explored small-dense LDL (sdLDL) or HDL subclasses. The aim of this study was to evaluate the impact of a fiber dietary
intervention on LDL and HDL subclasses in adolescents with obesity. In this parallel, double blind, randomized clinical trial, the
participants were assigned to Plantago psyllium or placebo (10g/day for 7 weeks). We randomized 113 participants, and
evaluated and analyzed 100 adolescents (50 in each group), 15 to 19 years with a body mass index of 29–34. We measured
biochemical markers LDL and HDL subclasses using the Lipoprint system (Quantimetrix) and IL-6 by ELISA. Post-treatment
there was a decrease in sdLDL between the groups 2.0 (0–5.0) vs 1 (0–3.0) mg/dl (p = 0.004), IL-6 median 3.32 (1.24–5.96) vs
1.76 (0.54–3.28) pg/ml, p <0.0001. There were no differences in HDL subclasses and no adverse effects were reported in either
group.

Conclusions: Small dense LDL and IL-6 reduced in adolescents with obesity when consuming Plantago psyllium. This may
be an early good strategy for the reduction of cardiovascular disease risk in this vulnerable population.

Trial registration: ISRCTN # 14180431. Date assigned 24/08/2020
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Introduction

The prevalence of obesity in infants, children, and adolescents
is rising around the world [1]. Mexico has the highest preva-
lence of obesity documented globally [2]. Excess body fat in
children and adolescents can lead to a variety of clinical and
psychosocial disorders such as nonalcoholic fatty liver dis-
ease, type 2 diabetes, cardiovascular disease, hypercholester-
olemia, glucose intolerance, and insulin resistance among oth-
er diseases [3].

Low-density lipoprotein cholesterol (LDL-C) is considered
one of the most important risk factors for cardiovascular dis-
ease (CVD) and remains the primary target for current cardio-
vascular risk reduction strategies [4]. However, many individ-
uals with LDL-C within the normal range still develop cardio-
vascular disease and this is known as the residual risk, which
may be as high as 50% [5]. A systematic review and meta-
analysis in adults of general vs. high-risk populations suggests
that the presence of sdLDL is associated with increased risk of
developing coronary heart disease [6]. Mechanistically,
sdLDL increase the atherogenic risk due to their greater sus-
ceptibility to oxidation and glycation, their permeability
through the endothelium of arterial walls, and the fact that
they derive from large VLDL1 which are associated with high
carbohydrate diets [4, 7]. There is very limited information on
sdLDL in adolescents. Miyashita M et al. and ourselves have
showed that the sdLDL was present in 40% and 63%, respec-
tively, of the adolescents with obesity [8, 9]. Intervention
studies in adults using omega-3 polyunsaturated fatty acids,
or with nutraceuticals agents, have shown a decrease in
sdLDL particles [10].

HDL is highly heterogeneous in size, charge, and
composition which are modified during HDL maturation
from small to large HDL. The HDL particles are usually
divided into three subclasses (using Lipoprint) based on
their size: small (S-HDL), medium (M-HDL), and large
(L-HDL). Antiatherogenic large HDL subfractions and
intermediate HDL subfractions are at present considered
a protective part of HDL and small HDL subfractions
are deemed atherogenic [11]. Mietus-Snyder ML et al.
showed that consumption of high-fiber, nutrient-dense
supplement bar, increased large HDL subfraction in
healthy adults [12]. However, there have been a limited

number of studies on HDL subfractions in adolescents
[11, 13].

Epidemiologically, insufficient consumption of dietary fi-
ber has been associated with the frequency of chronic diseases
[14]. Adolescents consume less than one half of the recom-
mended adequate intake of dietary fiber which is around 8 g/
day [15]. A meta-analysis of randomized controlled trials
showed that the consumption of dietary fiber reduce the risk
of cardiovascular disease [16]. On the other hand, reports in
adolescents have shown that supplementing the diet with
Plantago psyllium lowers LDL-C levels [17, 18]. Studies in-
dicate an inverse association between dietary fiber intake and
levels of inflammatory markers such as C-reactive protein,
tumor necrosis factor-alpha, and interleukin 6 (IL-6) [14, 19,
20]. To our knowledge, there are no reports of the effect of the
Plantago psyllium on sdLDL or HDL subfractions in adoles-
cents, and it is known that an accurate assessment of cardio-
vascular risk factors and an intervention from an early age
play a decisive role in CVD prevention. Therefore, we hy-
pothesized that supplementing the diet withPlantago psyllium
exerts beneficial effects on sdLDL, HDL subclasses, and IL-6
in adolescents with obesity.

Materials and methods

Ethics approval

Ethics approval for this study was provided by the Locals
Ethics Committees [University of Guanajuato (CIBIUG-
P40-2017) and the Mexican Institute of Social Security,
(R-2018-1002-052)] and written informed consent was ob-
tained from participants and caregivers in compliance with
ethical standards. ISRCTN # 14180431.

Subjects

Adolescents with obesity between 15 and 19 years old were
recruited from high schools in León Guanajuato (México) to
participate in the study (Fig. 1). Inclusion criteria were at least
one cardiovascular risk factor (altered lipid profile, either high
total cholesterol, high triglycerides, or low HDL-C, and
insulin resistance) and non-smokers. Exclusion criteria were

What is Known:
• Supplementing the diet with Plantago psyllium lowers LDL-C levels.
What is New:
• First evidence that soluble fiber supplementation like Plantago psyllium decreases small dense LDL particles in association with lowered IL-6,

reducing the risk of cardiovascular disease in obese adolescents.
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adolescents who did not adhere to at least 80% of diet and
fiber, in whom a metabolic and/or infectious disease was di-
agnosed during the study and adolescents with familial hyper-
cholesterolemia based on LDL-C ≥160 mg/dl and a first-
degree relative with LDL-C or with premature CVD or with
positive genetic testing [21]. We eliminated those who did not
want to continue in the study or were not located.

Sample size

Randomization order was established before the recruitment
of participants, a minimum sample size of one hundred sub-
jects (i.e., fifty in each group) as required by the 80% power
calculation was aimed for to detect a change of above 5% in
sdLDL concentrations [22] in the treatment groups with a
significance level of 0.05.

Study design

Recruitment began on November 2018 and the study ended
on December 2019. The study was a parallel, double blind,
randomized clinical trial, (participant and investigator who
gave the treatment) placebo-controlled trial. A research ran-
domization and allocation to trial group were done using com-
puter random number generation. All participants were ran-
domly assigned to one of two groups for the principal re-
search: the psyllium group with 7-week intervention with 10
g/day of psyllium (equating to 10 g of dietary fiber), Plantago
psyllium powder (Kirkland signature ®, Lot 0294B12) and the
placebo group with 7-week intervention with 10 g/day of rice

flour (Healthy Flours ® batch AB140119) both were diluted
in 250 ml of water, ingested immediately after dilution with
intake of 250 ml of additional water, in the morning and be-
fore ingesting food (Fig. 1). The dose of 10 g/day was adopted
based on review of the existing literature[23–25], as well as on
the volume of fiber and placebo each dose would equate to, so
as not to affect compliance with study protocol. Both the
psyllium and rice flour were packed in opaque bags labelled
A or B.

Each dose was given daily by the blinded investigator who
visited the adolescents in the morning from Monday through
Friday, and during the weekend, the consumption was verified
through a photograph sent by the participant. Adherence to
dosing was monitored directly through a check list and by
WhatsApp. Participants were advised to continue their normal
eating and exercise patterns during the study period. At each
visit during the dietary treatment phase, the participants were
asked about possible adverse effects or intolerance to psyllium
or placebo using an open-ended questionnaire referring to any
unusual symptoms or discomfort or side effects such as in-
creased defecation, bloating, flatulence, or fullness during the
treatment period.

Dietary assessment

Three 24-h food reminders were carried out at the beginning
(2 on school days and one on a weekend day) and three re-
minders at the end of the intervention. Both recalls (baseline
and post-treatment) were analyzed with ESHA’s Food
Processor® Nutrition Analysis software. The software

Adolescents with obesity 
(n=483)

Analyzed (n=50)

Allocated to intervention (n=56)
Psyllium

Allocated to intervention (n=57)
Placebo

Analyzed (n=50)

Analysis

Lost to follow-up (n=6)
Discontinued intervention (n=5)
not located (n=1)

Follow-Up 7 w

Lost to follow-up (n=7)
Discontinued intervention (n=3)
not located (n=1)
Incomplete data (n=3)

Allocation

Randomized (n=113)
Enrollment

Excluded (n=370)

Not meeting inclusion criteria
(n=273)

Declined to participate 
(n=97)

Fig. 1 CONSORT 2010 flow
diagram
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determined the average initial and final energy intake and we
analyzed the two averages. Nutritional intake was recorded
using standard household measures, as well as the information
from food labels where appropriate.

Anthropometric measures

The height and weight of the child were measured using a
SECA stadiometer and a SECA scales, respectively, and body
mass index (BMI) was calculated as kilogram per square me-
ter (kg/m2), waist circumference (WC) was measured using
Lufkin ® metallic tape, blood pressure was measured with an
Omron HEM-7320-LA electronic monitor (Omron
Healthcare Co. Ltd, Kyoto, Japan) after 10 minutes of the
non-dominant hand while the subject was sitting, and the av-
erage of 3 measurements was recorded. Along with scores and
centiles, which was scored using the definitions set by the
Centre for Disease Control and Prevention were taken accord-
ing to standardized techniques [26] and adolescents with obe-
sity were considered as a BMI for age more than 2 standard
deviations above the median established in the World Health
Organization (WHO) Child Growth Standards[1]. The athero-
genic index (AI) (total cholesterol/HDL-C) was calculated
[27]. The evaluation of anthropometric measures and bio-
chemical parameters in the participants was carried out twice
at baseline and at the end of the study.

Biochemical analyses

A venous blood sample was obtained after 12 h of fasting.
Serum was processed the same day and used for the measure-
ment of glucose and lipids using enzymatic methods in an
autoanalyzer (Spinreact-Spinlab, Model 6002390-412-02).
Serum aliquots were stored at −80 °C until further determina-
tion of insulin, by ELISA kit 06026 from ALPCO (Salem,
NH, USA) and Interleukin 6 by Human IL-6 Quantikine
ELISA Kit, Catalogue number HS600B (USA and Canada)
[cut-off point to IL-6, 0.98±0.33] [28]. LDL and HDL sub-
classes were analyzed in serum by gradient electrophoresis in
polyacrylamide gel tubes by using the Lipoprint LDL and
HDL subfraction analyses systems from Quantimetrix
(Redondo Beach, CA, USA), which measures lipid concen-
tration in each fraction and defines seven subclasses of LDL
(LDL 1–7) and ten subclasses of HDL (HDL 1–10) [29] and
due to the relatively large volume of serum needed to measure
HDL subclasses (50 ul), we randomly run out of serum in
some of the participants and only 34 were measured in the
Plantago psyllium group and 30 in the placebo group.

Statistical analysis

The distribution and normality of each variable was deter-
mined by the Kolmogorov Smirnov test. Data are shown as

mean ± SD for variables with normal distribution and the
difference between groups was calculated using t tests for
independent sample or as median and interquartile range
(IQR) for non-Gaussian distribution and the difference was
calculated using Mann-Whitney U test. To assess the effects
of BMI, waist circumference, and LDL-C, in outcome vari-
ables in the placebo and Plantago psyllium group, we used a
mixed linear model. A significance level of <0.05 was con-
sidered. The statistical package IBM SPSS (SPSS Inc.,
Chicago, IL, USA) statistics version 25 was used.

Results

A flow diagram depicting the progress of participants in the
trial is shown in Fig. 1. The randomization of the study par-
ticipants was carried out regardless of their metabolic status.
However, at the beginning of the study, the groups were sim-
ilar, adolescents with insulin resistance (IR) were 45 (90%) on
the psyllium group and 48 (96%) on the placebo group, as
well as 26 participants (48%) had elevated LDL-C in both
groups. The baseline analysis revealed that both the control
and Plantago psyllium groups had similar anthropometric in-
dices, biochemical variables. No significant differences were
observed between the control and Plantago psyllium groups
(p>0.05) (Table 1).

The changes observed in the general characteristics at base-
line and post-treatment groups are shown in Table 2. The
analysis shows that after 7 weeks of treatment, both groups
showed increased in height (as expected) as well as a decrease
in total cholesterol and LDL-C. Besides, we detected a signif-
icant decrease in body mass index, waist circumference in the
Plantago psyllium group as well as total cholesterol, non-
HDL-C, and LDL-C. There was a marginal decrease in the
atherogenic index. The placebo group showed lower levels of
LDL-C, non-HDL-C, and total cholesterol at the end of treat-
ment as shown in Table 2.

The results of the mixed linear model to observe the influ-
ence of the variables BMI, waist circumference, LDL-C,
HDL-C, total cholesterol, and triglycerides on the IL-6,
sdLDL and HDL lipoprotein subfractions shown as estimate
± SE and p value are as follows: significant influence was
observed in LDL-1 of LDL-C (−0.06±0.05, p=0.02) and
HDL-C (0.91±0.42, p=0.03); LDL-2 of LDL-C (0.10±0.04,
p=0.008); large-HDL of BMI (1.09±0.40, p=0.009) and waist
circumference (−0.40±0.14, p=0.006); HDL-Intermediate
with BMI (−0.63±0.029, p=0.03); and waist circumference
(0.25±0.10, p=0.02); no significant influence is shown on oth-
er dependent variables such as IL-6 or sdLDL 3-7 and small
HDL (Supplementary Table)

TheanalysisofLDLsubfractions isdetailedinTable3where it
is shown that, in the comparisonbetween thebaselinevs thepost-
treatment values, a decrease in LDL-2 (p=0.04) and sdLDL
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(p=0.004) was found in the group that received Plantago
psyllium; andwhencomparing thesdLDLparticlesconcentration
between the groups after the 7-week treatment, a greater decrease
was observed in the adolescents who consumed Plantago
psyllium (p=0.01) and the percentage of changewas −40.38%.

Table 4 shows the distribution of the 10 HDL subfractions
in 34 and 30 adolescents who received Plantago psyllium or
placebo, respectively, and we did not observe significant dif-
ference in any of the subfractions in either group.

Figure 2 shows that the Plantago psyllium group had a
significant decrease of IL-6 (in picograms per milliliter)
post-treatment with a median of 3.32 (1.24–5.96 ) vs 1.76
(0.54–3.28), p <0.00001; no difference in the placebo group
median 2.10 (1.07–4.10) vs 2.28 (1.22–4.36), p=0.58, nor in
the comparison between the groups baseline Plantago
psyllium vs placebo group median 3.32(1.24–5.96) vs 2.10
(1.07–4.10 ) respectively, p=0.05, and post-treatment
Plantago psyllium group median 1.76 (0.54–3.28) vs placebo
group median 2.28 (1.22–4.36), p=0.09.

Discussion

This is the first clinical trial conducted in adolescents with
obesity that shows the effect of Plantago psyllium on

emerging cardiovascular risk markers and shows that it signif-
icantly decreases the levels of sdLDL and IL-6. Several stud-
ies have shown that soluble dietary fiber reduces LDL choles-
terol [17, 18, 24, 25, 30], but there were no reports to our
knowledge on the effect of Plantago psyllium on sdLDL in
adolescents with obesity.

Interestingly, we show significant decrease in LDL-C in
both groups even when the participants were following their
usual diet. Participants were only given dietary recommenda-
tions, without modifying the amounts or restricting calories. In
agreement with this, we found no difference in energy intake,
or in total fiber or soluble fiber intake, before or after the
intervention. An explanation for the decrease in LDL-C in
both groups could be due to observation bias: participants
slightly altered their diet. Small-dense LDL is highly athero-
genic subfraction of LDL (LDL-3 to LDL-7 in Lipoprint) due
to their long plasma half-life, lower binding affinity for LDL
receptors, greater degree of penetration into the arterial wall,
and sensitivity to oxidative stress and glycation [4]. Studies
have shown that sdLDL particles are found 3 times more often
in healthy adults than in children, and people with this pheno-
type have a three times greater risk of myocardial infarction
[31]. SdLDL is a better predictor of CVD than traditional lipid
profiles [4, 32]. Indeed higher larger fractions of LDL (LDL-1
and LDL-2 in Lipoprint) are not atherogenic. Moreover,

Table 1 Baseline characteristics
of the participants Variables Plantago psyllium

n = 50

Placebo

n = 50

p

Female (%)** 35 (64.8) 31 (60.7) 0.76

Age (years)* 16 (15.0–17.2) 16 (15.0–17.0) 0.57

Weight (kg)* 87.8 (80.6–97.50) 84.0 (76.7–93.3) 0.13

Height (m) 1.66 (1.59–1.72) 1.62 (1.58–1.67) 0.23

Body mass index (kg/m2)* 31.8(29.8–34.7) 31.0 (29.5–33.3) 0.38

Waist circumference (cm) 100.4 ± 12.5 98.2 ± 9.0 0.31

Systolic blood pressure (mmHg)* 112.0 (105.0–120.0) 110..0(100.0–120.0) 0.37

Diastolic blood pressure(mmHg)* 77.0 (70.0–80.0) 74.5 (70.0–80.0) 0.21

Glucose (mg/dl)* 94.5 (89.0–100.2) 95.0 (88.0–101.0) 0.96

Insulin (μUI/ml) * 28. 0(20.7–42.1) 26.1(20.1–44.0) 0.91

HOMA IR * 7.4(4.6–11.0) 6.6 (5.1–10.4) 0.98

Cholesterol (mg/dl) 175.9 ± 32.8 171.8 ± 34.5 0.54

No HDL-C (mg/dl) 133.0 ± 30.5 132.7 ± 36.2 0.73

HDL-C (mg/dl)* 39.5 (35.0–45.0) 38.0 (34.0–41.0) 0.23

LDL-C (mg/dl) 112.1 ± 26.7 107.6 ± 29.6 0.42

VLDL-C (mg/dl)* 23.5(17.0–29.0) 24.5 (17.7–32.2) 0.39

Triglycerides (mg/dl)* 120.5 (84.5–154.0) 120.5 (90.0–167.5) 0.57

Atherogenic index (Total Cl/HDL-C)* 4.3 (3.9–4.9) 4.1 (3.8–5.5) 0.85

Data are shown as mean ± SD for variables with normal distribution and the difference between groups was
calculated using t tests for independent or as median and interquartile range for non-Gaussian distribution and the
difference was calculated using Mann-Whitney U test.*, and to compare percentages, we use x2 ** No HDL-C
(No HDL cholesterol), HDL-C (high-density lipoproteins), LDL-C (low-density lipoproteins), VLDL-C (very
low-density lipoproteins), HOMA (homeostatic model to assess insulin resistance)
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sdLDL stems from large VLDL1 which are highly sensitive to
carbohydrates (CHO) in the diet, especially sugars [33]. Our
participants are consumers of these diets high in processed

foods. Of note, we observed a high prevalence of sdLDL
(64%), consistent with the previous study of our research
group [9]. We show a higher proportion than Miyashita

Table 2 Comparison of the groups at baseline and post-treatment

Variables Plantago psyllium
n=50

Placebo
n=50

Baseline Post-treatment p Baseline Post-treatment p

Anthropometric variables

Body mass index (kg/m2) 31.8(29.8–34.7) 31.3 (29.3–34.1) 0.002 31.0 (29.5–33.5) 31.0 (29.7–33.1) 0.17

Waist circumference (cm) 98.5 (95.0–107.2) 98.0 (91.0–102.0) 0.003 97.5 (92.0–104.0) 97.5 (92.0–103.0) 0.94

Systolic blood pressure (mmHg) 112.0 (105.0–120.0) 110.0 (103.0–116.0) 0.06 110..0(100.0–120.0) 109 (99.0–118.0) 0.33

Diastolic blood pressure (mmHg) 77.0 (70.0–80.0) 75.0 (70.0–80.0) 0.11 74.5 (70–80.0) 74.0(69.0–81.0) 0.28

Dietary variables

Energy (Kcal/day) 2465.7 ± 477.6 2385.5 ± 417.5 0.41 2403.6 ± 321.5 2453.0 ± 390.4 0.06

Proteins (g/day) 93.9 ± 28.3 93.9 ± 28.3 0.58 91.6 ± 14.4 93.7 ± 22.8 0.50

Carbohydrates (g/day)* 295.3 (257.4–350.1) 322.9 (253.3–367.0) 0.70 303.62 (261.0–367.0) 290.42 (248,3–328.14) 0.35

Total fat (%) 32.36 ± 7.37 33.45 ± 6.65 0.93 33.14 ± 6.43 33.94 ± 6.48 0.41

Sat fat (%) 9.88 ± 3.60 10.25 ± 3. 43 0.31 10.39 ± 3.43 10.82 ± 3.65 0.71

Total fiber (g/day)* 15.3 (9.9–21.3) 15.5 (11.3–21.6) 0.92 14.8 (10.6–18.8) 13.4 (10.3–17.0) 0.21

Soluble fiber (g/day)* 2.8 (1.5–4.2) 2.7 (1.6–4.7) 0.85 2.5 (1.6–3.7) 2.5 (1.2–3.7) 0.36

Metabolic variables

Glucose (mg/dl)* 93.5 (89.0–100.0) 92.0 (87–100.0) 0.37 95.0 (89.0–101.0) 95.0 (84–102.0) 0.99

Insulin (μ IU/ml)* 28.0(21.0–42.1) 26.6(18.6–39.6) 0.12 26.1(20.1–44.0) 25.3 (19.9–36.10) 0.07

HOMA IR* 7.4(4.6–11.0) 6.4(4.3–9.1) 0.06 6.6 (5.1–10.4) 6.3 (5.0–8.5) 0.12

Total cholesterol (mg/dl) 175.9 ± 32.8 160.5 ± 31.4 0.001 171.8 ± 34.5 162.9 ± 45.8 0.01

No HDL-C (mg/dl) 135.0 ± 30.6 135.1 ±30.6 0.001 132.7 ± 36.2 125.5 ± 46.6 0.01

HDL-C (mg/dl)* 39.5 (35.0–45.0) 39.0(33.0–44.0) 0.08 38.0 (34.0–41.2) 36.5 (31.0–41.0) 0.09

LDL-C (mg/dl) 112.1 ± 26.7 97.8 ± 25.3 0.001 107.6 ± 29.6 97.1 ± 26.4 0.001

VLDL-C (mg/dl)* 23.5(17.0–29.0) 24.5 (18.0–31.0) 0.25 4.5 (18–35) 26.5 (19–36.0) 0.14

Triglycerides (mg/dl)* 120.5 (85–0–154.0) 122.5 (88.0–153.2) 0.22 120.5 (91.0–165.0) 132.0(93–179.0) 0.23

Atherogenic index (total C/HDL-C)* 4.3 (3.9–4.9) 4.2 (3.4–4.8) 0.05 4.1 (3.8–5.4) 4.35 (3.5–5.5) 0.26

Data are shown as mean ± SD for variables with normal distribution and the difference between groups was calculated using paired t tests for variables
with normal distribution or data expressed as median and interquartile range for non-Gaussian distribution and was usedWilcoxon test.*No HDL-C (no
HDL cholesterol), HDL-C (high-density lipoproteins), LDL-C (low-density lipoproteins), VLDL-C (very low-density lipoproteins)

Table 3 LDL subclasses expressed as mg/dl of cholesterol at baseline and post-treatment (after 7 weeks) in the participants

Plantago psyllium
n=50

Placebo
n=50

Baseline Post-treatment p* Baseline Post-treatment p* p**

LDL 1 34.0 (28–42.0) 33.0 (2.0–40.0) 0.08 31.0 (23–38.0) 28.0(21–0–36.06) 0.70 0.21

LDL 2 22.38 ± 9.94 19.84 ± 8.95 0.04 19.52 ± 8.37 18.52 ± 9.33 0.96 0.47

LDL 3–7 (sdLDL) 2.0 (0–5.0) 1 (0–3.0) 0.004 2 (0–6.0) 2 (1.0–5.0) 0.64 0.01

Data are shown as mean ± SD for variables with normal distribution and the difference between groups was calculated using t-tests or as median and
interquartile range for non-Gaussian distribution and was used Mann-Whitney U test/Wilcoxon test

*Baseline vs. post-treatment p value of the group, **post-treatment p value between the groups. LDL low-density lipoproteins; sdLDL small dense low-
density lipoproteins
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et al. [8] who found that 40% of obese children with lipid
abnormalities had sdLDL particles, most likely due to much
lower sugar consumption in Japan, which also underscores the
magnitude of the issue in Mexico.

It has been documented that the ingestion of Plantago
psyllium significantly reduces LDL cholesterol in adults
(10.2g/d/≥3weks) [23] and adolescents (6–7g/d/7weeks) [17,
18, 24]. Along the same lines, we observed that using 10 g per
day of Plantago psyllium for 7 weeks, sdLDL reduced by
40.38%. The exact mechanism by which Plantago psyllium

lowers cholesterol is not yet fully understood. So far, evidence
suggests that some soluble fibers bind to bile acids or choles-
terol during intraluminal micelle formation [23, 34, 35]. The
resulting reduction in the cholesterol content of the liver cells
leads to upregulation of the hepatic LDL receptors and thus
increases the elimination of LDL-C. Moreover, (1) soluble
fiber changes microbiota and increases short-chain fatty acids
(SCFAs) that increase liver insulin sensitivity; (2) it binds
CHO producing slower release to portal circulation. Both ef-
fects reduce lipogenesis [new fatty acid (FA) from CHO] and

Table 4 Comparison of the 10 high-density lipoprotein subfractions expressed as mg/dl of cholesterol at the baseline and post-treatment of the
participants

Plantago psyllium
n=34

Placebo
n=30

Baseline Post-
treatment

p° Baseline Post-
treatment

p° p°°

Large L-HDL 1 6.0 (4.0–9.0) 6.0 (4.0–8.00) 0.42 5.0 (4.0–8.0) 5.0 (4–7) 0.81 0.25

L-HDL 2 8.0(5.0–11) 8.9 (5.0–11.0) 0.21 7.0(6.0–12.0) 8.0(5.0–11.0) 0.94 0.90

L-HDL 3 5.0(3.0–6.0) 5.0(3.0–5.0) 0.45 5.0 (4.0–6.0) 4.0(3.0–6.0) 0.83 0.93

Intermediate I-HDL 4 * 6.21 ± 1.26 6.18 ± 1.33 0.88 6.07 ± 1.99 5.64 ± 1.83) 0.20 0.23

I-HDL 5 * 6.45 ± 1.41 6.63 ± 1.38 0.50 6.29 ± 2.13 5.93 ± 2.11 0.13 0.11

I-HDL 6 * 5.78 ± 2.47 6.18 ± 2.06 0.39 5.54 ± 2.26 5.16 ± 2.39 0.20 0.09

I-HDL 7 * 1.24 ± 1.09) 1.24 ± 0.93 1.0 1.06± 0.92) 0.93 ± 0.9 0.29 0.15

Small S-HDL 8 1.0 (0–1) 1.0 (0–1) 1.0 0 (0–1) 0 (0–1) 0.61 0.48

S-HDL 9 0 (0–1) 0 (0–1) 0.80 0 (0–1) 0 (0–1) 0.52 0.41

S-HDL 10 0 (0–0) 0 (0–0) 0.31 0 (0–0) 0 (0–0) 0.89 0.93

The difference between groups was calculated using t tests* for normally distributed variables or the Mann-Whitney U/Wilcoxon test for non-Gaussian
distribution variables

HDL high density lipoproteins; large HDL (L-HDL 1 to L-HDL 3), intermediate HDL (I-HDL 4 to I-HDL 7), and small HDL (S-HDL 8 to S-HDL 10)

p° Compare the baseline vs post-treatment of each group

p°° Compare the difference post-treatment between the groups

Unfortunately, due to the relatively large volume of serum needed to measure subclasses (50 ul), we run out of serum in some of the participants\
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Fig. 2 Serum levels of interleukin
6 at baseline and after treatment in
adolescents with obesity
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re-esterification of FA into triglycerides [36, 37]. The result is
less VLDL1 secretion, which is the one that carries more
apoCIII and is less metabolized by lipoprotein lipase (LPL).
Consequently, its lipolysis by hepatic and endothelial lipases
is enhanced, leading to higher sdLDL levels. Since sdLDL is
not the predominant fraction (but it is the highly atherogenic
one), small changes in total LDL-C are indeed hiding large
fractional changes in sdLDL, in addition to increased satiety,
leading to a lower total energy intake [38].

Like LDL, HDL particles are heterogeneous, and HDL
subclasses play interrelated metabolic functions. Changes in
HDL subclasses distribution might be linked with atheroscle-
rosis. Small HDL (HDL-8 to HDL-10 in Lipoprint) particles
are considered atherogenic [11]. The small subfractions of
HDL could have a diminished ability to protect LDL from
oxidation, attenuated RCT, as well as remnant reverse choles-
terol transport (RRCT) and anti-inflammatory properties, i.e.,
impaired functionality [39, 40]. Therefore, we had reasoned
that reducing these particles with Plantago psyllium may im-
prove HDL functionality. We found that 53% of adolescents
had S-HDL, but we did not find a significant difference be-
tween the groups. There is limited information on these parti-
cles as markers of cardiovascular risk in adults [40, 41], and
few reports that show that children and adolescents with obe-
sity have high levels of small HDL [42, 43].

In adults, controversial data are reported; on the one hand,
there is no difference after administering soluble fiber as oats
14 g/days/for 7 weeks in large HDL [44], and on the other
hand, an increase is reported in large HDL particles after ad-
ministering bar soluble and insoluble fiber 14g/days/for 2
weeks [12]. It has been suggested that an increased cholesteryl
ester transfer protein (CETP) activity and a diminished leci-
thin cholesterol acyltransferase (LCAT) activity are associated
with variation of HDL subclasses distribution. A study report-
ed that Plantago psyllium supplementation significantly de-
creased CETP activity [45], suggesting that psyllium indirect-
ly affects the intravascular processing of lipoproteins by re-
ducing the transfer of cholesteryl ester from HDL to VLDL.
Nevertheless, in our cohort, we did not observe a statistically
significant difference in HDL subclasses after treatment.

Obesity can be considered a low-grade inflammatory dis-
ease, characterized by high plasma levels of pro-inflammatory
cytokines such as IL-6, among others. Studies show the ability
of IL-6 to induce insulin resistance (IR); in fact, elevated
levels of IL-6 are considered risk indicators for metabolic
syndrome; since as an inducer of inflammation, it seems to
be related both to lipid and vascular disturbances found in IR
[46]. Our study showed that adolescents had elevated IL-6
levels as well as insulin resistance based onHOMA-IR results.
In agreement with our study, another group of researchers
showed that adolescents with obesity and IR presented sub-
clinical systemic inflammation by presenting levels of IL-6
almost twice that of adolescents without IR, and IL-6 was

positively associated with all indicators of adiposity [42, 43].
We observed a decrease in IL-6 at the end of treatment in the
group that received psyllium; therefore, our findings confirm
previous reports and suggest that a higher intake of soluble
fiber may contribute to reducing IL-6 and simultaneously de-
crease insulin resistance, in addition to reducing IL-6, which
can lead to the reduction of chronic low-grade inflammation
and improve health outcomes in adolescents.

Early insulin resistance is a prominent feature of obesity
that promotes chronic systemic inflammation and increased
oxidative stress [42] increasing NF kappa B signaling path-
way and subsequent inflammatory events [47].

After 7 weeks of treatment, we observed a significant de-
crease in adiposity indices such as waist circumference and
BMI, and there was a trend to a decrease in HOMA-IR in the
Plantago psyllium group. The mechanisms underlying the ef-
fects of soluble fiber consumption on insulin resistance can be
attributed to the fermentation process with the consequent
production of SCFA [48], to the prebiotic effect that influ-
ences the composition of the microbiota favoring bacterial
species that do not trigger endotoxemia (i.e., lipopolysaccha-
rides and peptidoglycans) [49] and a modulation of the ex-
pression of glucose transporter type 4 (GLUT-4) in skeletal
muscle, thus improving insulin sensitivity [50, 51].

This study shows several strengths; (i) to our knowledge,
this is the first study to show the distribution of HDL in ado-
lescents with obesity and the effect of Plantago psyllium on
emerging risk markers such as sdLDL-C and (ii) the study
participants received equal dietary recommendations in the
intervention groups towards a healthy diet and there was no
modification in caloric intake. A limitation of these kinds of
studies is that full control of the diet cannot be achieved as the
participants continue with their usual diet.

Conclusions

In conclusion, our study showed that in adolescents with obe-
sity and cardiovascular risk, Plantago psyllium supplementa-
tion decreased cardiovascular risk markers sdLDL and IL-6;
therefore, it can be a good strategy for the reduction of this risk
in adolescents, a vulnerable and critical period of development
where dietary intervention may result in timely and long term
beneficial effects.

List of Abbreviations AI, Atherogenic index; BMI, Body mass index;
CETP, Cholesteryl ester transfer protein; CHO, Carbohydrates; CVD,
Cardiovascular disease; FA, Fatty acid; GLUT-4, Glucose transporter
type 4; HDL, High-density lipoproteins; IL-6, Interleukin-6; IQR,
Interquartile range; IR, Insulin resistance; LCAT, Lecithin cholesterol
acyltransferase; LDL, Low-density lipoprotein; RRCT, Remnant reverse
cholesterol transport; SCFA, Short chain fatty acids; SdLDL, Small dense
low density lipoprotein; VLDL, Very low-density lipoproteins
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