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Omega-3 polyunsaturated fatty acids reduce
insulin resistance and triglycerides in obese

children and adolescents

triglycerides in obese children and adolescents.
Pediatric Diabetes 2013: 14: 377-383.

body mass index (BMI) of obese children.

index. There were no lifestyle interventions.

were marginal under Met but were significant with w-3.

As people’s lifestyles change to affect even children,
obesity is emerging as a major public health challenge.
Epidemiologic data indicate that school-age Mexican
children have an increased rate of 1.1 percentage points
per year for general and abdominal obesity, one of
the highest in the world (1-3). Morphological and
functional changes in the adipose tissue after weight
gain lead to chronic low-intensity inflammation, which
is accepted as a pathway for the development of insulin
resistance (IR), metabolic syndrome (MS), and other
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Background: Approximately 50% of obese children are insulin resistant. It
has been suggested that pharmacological and nutritional options should be
considered to improve the management of insulin resistance (IR).

Objective: To assess the effect of metformin (Met) or omega-3 (w-3)
polyunsaturated fatty acids (PUFA) on the homeostasis model
assessment-estimated insulin resistance (HOMA-IR) index, lipid profile, and

Methods: We included 201 obese and insulin-resistant children and
adolescents. Ninety-eight of them received 500 mg of Met, and 103 received
1.8 g of w-3 PUFA for 12 wk. This was an open-label study with assignment of
treatment based on which school the child attended. At the baseline and at the
end of study, the following parameters were measured: weight, height, waist
circumference, blood pressure, insulin, glucose, lipid profile, and HOMA-IR

Results: At baseline, the age, BMI, and IR in children of both groups were
comparable. The treatment assigned for each group was well tolerated.
Metabolic changes were adjusted for age, sex, and change in BMI. Concerning
the IR profile at the end of intervention, w-3 significantly decreased the
concentrations of glucose and insulin while reducing HOMA-IR values;
meanwhile, Met negligibly affected insulin levels. Regarding lipids, Met
increased high density lipoprotein cholesterol (HDL-C) and decreased low
density lipoprotein cholesterol (LDL-C), but triglycerides were not affected; in
contrast, triglycerides were decreased significantly by w-3. The effects on BMI

Conclusion: The results of this work suggest that w-3 may be useful as an
adjuvant therapy in obese children and adolescents with IR.

Carlos Juarez-Lopez?,
Miguel Kliinder-Kliinder®,
Adrian Madrigal-Azcarate?
and Samuel Flores-Huerta®

@Department for Innovation and
Quality, Institute for Decentralized
Public Health Services (INDESALUD),
Campeche, Campeche, 24040,
Mexico; and PCommunity Health
Research Department, Federico
Gomez Pediatric Hospital of Mexico,
Ministry of Health (SSA) Mexico,
Mexico, District Federal, 06720,
Mexico

Key words: children — insulin
resistance — metformin — obesity —
omega-3 fatty acids

Corresponding author:  Samuel
Flores-Huerta MD,

Dr. Marquez 162,

México, D.F. 06720, México.

Tel: +52-55-52289917; Fax: +52
555 761 8974;

e-mail: floreshuertamd@gmail.com

Submitted 18 July 2012. Accepted
for publication 4 January 2013

comorbidities (4). At least half of obese children and
teenagers present IR (5, 6) and other alterations, such
as dyslipidemia (7) and high blood pressure (8).

The recommended first-line treatment for obese
children and teenagers with IR is a change in
lifestyle that promotes healthy nutritional habits
and physical activity, along with complementary
treatments, such as metformin (Met) therapy or omega-
3 (w-3) polyunsaturated fatty acids (PUFA), that help
to improve or reverse IR (9, 10). Studies in obese
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children and teenagers with IR in which Met and
placebos have been compared indicate that this drug
reduces fasting insulin levels and has a modest but
significant effect on body mass index (BMI) reduction
(11-14). However, the observed weight loss appears
to be independent of glucose homeostasis changes.
Because there is no consensus on the use of Met in the
treatment of IR in obese children and adolescents, it is
a priority to further explore its benefits.

Regarding w-3, studies in animal models for
obesity have shown that fatty acids improve IR and
hyperlipidemia (15). These effects have also been
observed in epidemiologic studies in which triglyceride
reduction in adults constituted an important effect
(16, 17), suggesting that w-3 may reduce inflammatory
processes in obese patients (18).

Lifestyle changes in obese people are gradual and
usually refractory processes. In light of evidence
suggesting that either Met or -3 can improve
the metabolic states of obese children, our work
focused on administering these drugs to IR obese
children to assess their effects on fasting glucose,
insulin, homeostasis model assessment-estimated
insulin resistance (HOMA-IR) index, lipid profile, and
BMI.

Materials and methods

The study was performed in 15 public elementary
schools in Campeche, México with children attending
the 5th and 6th grades. Prior to the study,
ethical clearance was obtained from Campeche State
research ethics committees and school authorities
in accordance with the Declaration of Helsinki.
The protocol was implemented in three stages
(Fig. 1) between February 2007 and January 2008,
as previously reported (6). Briefly, the first stage
consisted of identifying obese children (BMI > 95th
percentile by age and sex) (19); in the next stage,
we identified IR obese children (HOMA-IR values
>3.4)[HOMA-IR = fasting glucose (mg/dL) x (fasting
insulin (wU/mL))/405] corresponding to the 90th
percentile of a healthy child population (20). In the
third stage, we obtained informed consent from the
children and their parents to perform an open-label
trial in which the assignment of treatment was based
on the school the child attended. Using a simple
randomized method, eight schools were allocated to
Met and seven to -3. Children and adolescents
with type 2 diabetes who were attending a formal
weight loss program or who had identified syndromes
that predisposed them to obesity were excluded.
Previously trained nurses used internationally accepted
procedures to obtain the weights, heights, and waist
circumferences (WCs) of the participants. Weight and
height were measured without shoes but with light
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clothing. Weight was taken using a digital scale (Seca
884, Hamburg, Germany) to the nearest 0.1 kg; height
was measured using a Seca 225 stadiometer. WC
was measured in a standing position at the end of
an exhalation with an inelastic, flexible tape (Seca
200) at the midpoint between the lower costal border
and the iliac crest, according to the World Health
Organization protocol (21). To decrease parallax error,
subjects were asked to step on an anthropometric box
especially designed for this purpose. Blood pressure
was measured on one visit using a sphygmomanometer
(ALPK2, Tokyo, Japan) with an appropriate cuff size
for the arm length, following the North American
guidelines issued in 2004 (22).

Venous blood was sampled after 12 h of fasting and
was used to measure glucose, insulin, triglycerides, total
cholesterol, and HDL-C. The children were treated for
12 consecutive weeks. In the Met-assigned schools,
the dose was 250mg for the first 2wk (one-half of
a 500-mg tablet; Dabex Merck Metformin, 500 mg,
lot M64547), and from week 3 to the end of the
study, they received 500mg daily (one tablet). The
ingestion of metformin was indicated with breakfast.
In the w3-assigned schools, the capsules used contained
600 mg of PUFA w-3, [(360 mg of eicosapentaenoic
acid (20:5 n-3) and 240 mg of docosahexaenoic acid
(22:6 n-3)] (Omega-3 Prime Fitness®, Lot 1205051).
Each participant received three capsules daily (1.8 g/d),
ingesting one with each meal of the day. The schools
were visited every week to deliver the treatments, to
evaluate the study adherence, and to assess possible side
effects. After 12wk, we obtained the anthropometric,
clinical, and metabolic measurements under the same
conditions as the beginning of the study. The
Campeche State Public Health Laboratory performed
all of the analyses. The methods used included
chemiluminescence for insulin (Access, Beckman
Coulter Instruments, Brea, CA, USA) and an analyzer
for glucose, triglycerides, and HDL-C (Synchron
Cx® Beckman Coulter Instruments). For LDL-C, we
utilized DeLong’s modified Friedwald formula (23).

The anthropometric, clinical, and metabolic data
were tested for normal distributions using skewness
and kurtosis. Continuous variables and groups
were compared with the Student’s ¢ test or the
Mann—Whitney U test according to the distribution
of the data. For categorical data, the chi-squared test
was used. To evaluate the changes between baseline
and the end of the intervention, we computed adjusted
coefficients for each dependent variable with a linear
regression model adjusted for age, sex, BMI change,
and treatment given. After these estimations were
calculated, we obtained the mean adjusted change for
each dependent variable. Additionally, we explored
the relationship between HOMA-IR (log transformed)
and BMI percentile at the baseline and end treatments
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Screened
n=4939 Phase I
Obese children
n=1475
Obese children invited to participate Phase I1
n=600
T Declined
I n=88
Obese children accepted and
in which blood samples were complete
n=466/512
240/466 (51%) with IR
but without any other disease
I
Schools at which children attended were
assigned to Met or ®-3 treatment, by a
simple randomization method.
I
[ |
Met schools ®-3 schools Phase I
8=116 children 7=124 children
Drop out Drop out
(side effects) (Trouble swallowing pills)
n=2 n=3
Exclusion Exclusion
(Non-adherence) (Non-adherence)
n=38 n=7
Failure to draw Failure to draw
blood samples blood samples
n=28 n=11

Completed 12 weeks of treatment
n=98

Fig. 1. Flow diagram of patient enrollment and study completion.

with linear regression and plotted the resulting lines for
each group, reporting the R-square. We used STATA
SE v.11.0 (Stata Corp, College Station, TX, USA) to
perform all analyses.

Results
In the Met group, 116 children were initially
included, and 98 completed the study; in the

-3 group, 124 children were enrolled, and 103
completed the study. The reasons for dropout are
described in Fig. 1. Analysis using demographic,
anthropometric, and metabolic data between those
who dropped out and those who remained in

Pediatric Diabetes 2013: 14: 377-383

Completed 12 weeks of treatment
n=103

the study did not reveal significant differences
(data not shown). No serious adverse effects were
observed in the Met-treated children; 3% reported
meteorism, and two children experienced abdominal
pain that subsided when the dose was divided into
two doses. In the w-3 group, 80% reported fish-
smelling burps, which did not affect their adherence
to the study. Overall, both treatments were well
tolerated. At the baseline of the intervention, children
from both groups had comparable anthropometric
and metabolic characteristics, including age, BMI,
metabolic parameters, and blood pressure. The only
exception was LDL-C, which was significantly higher
in the w-3 group (p < 0.001; Table 1).
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Table 1. Anthropometric and metabolic baseline character-
istics of obese children with insulin resistance according to
treatment group

Met -3
n=98 n=103
Mean + SD Mean £ SD P

Sex (female) 59 48 0.100
%

Age (yr) 11.4+0.8 11.6+£0.7 0.062

Weight (kg) 64.4+10.4 64.6+11.5 0.904

Height (m) 1.54+0.1 1.54+0.1 0.696

SBP 107.6+12.5 107.7+£10.3 0.957
(mmHg)

DBP 67.6+9.8 66.8+8.9 0.559
(mmHg)

BMI (kg/m?) 284+3.5 27.9+3.4 0.714

BMI (per- 97.7+1.3 97.8+1.2 0.712
centile)

WC (cm) 87.9+8.9 88.2+8.5 0.784

Glucose 90 (85-94) 92 (88-95) 0.052
(mg/dL)”

Insulin 23.7 (19.56-31.4) 22.1(18.4-28.0) 0.147
(rU/mby*

HOMA-IR* 5.2 (4.3-6.7) 4.9 (4.1-6.4) 0.300

Total-C 164.9+25.9 163.6 +33.1 0.747
(mg/dL)

LDL-C 86.7 £20.3 101.2+33.4 <0.001
(mg/dL)

HDL-C 36.2+8.4 36.94+8.3 0.560
(mg/dL)

Triglycerides 137 (107-183) 132 (92-192) 0.367
(mg/dL)*

BMI, body mass index; C, cholesterol; DBP, diastolic blood
pressure; HOMA-IR, homeostasis model to assess the
insulin resistance index; SBP, systolic blood pressure; WC,
waist circumference.

*Median (interquartile range).

Table 2 shows the differences between the basal
and end values of the anthropometric, clinical,
and metabolic measurements for each intervention,
adjusted by age, sex, and change in BMI. Significant
reductions in BMI, systolic blood pressure, total
cholesterol, and LDL-C were observed in participants
treated with Met, along with an increase HDL-C.
There were no changes in the rest of the parameters.
In the -3 group, BMI, glucose, fasting insulin
HOMA-IR, and triglycerides decreased, while HDL-C
increased. There were no changes in the rest of the
parameters. Comparing the interventions, Metformin
reduced LDL-C, but w-3 reduced fasting glucose and
triglycerides.

Figure 2 shows the correlation between BMI as
percentile and HOMA-IR in each of the Met and w-3
groups. Panel A shows the baseline conditions, which
did not differ between the groups, as indicated by
the slopes of the lines. However, panel B shows that
at the end of the intervention, the fitted regression
lines for the w-3 and Met groups had statistically
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significant changes in their slopes (R> =0.11, p < 0.001
and R? =0.05, p = 0.022, respectively).

Discussion

Our work explored two independent alternatives that
could be used as adjuvant therapies to changes in
diet and physical activities for obese children and
adolescents who have already developed IR.

Met effects

In this study, the effect of Met on weight reduction
and changes in cholesterol metabolites was observed.
Regarding weight loss, BMI reduction was less than
0.5 kg/m?, which was statistically significant but not
clinically significant. The dose of 500 mg/d used in this
study was rather low, and the 12wk of intervention
could have been too short a time to observe significant
changes. Other studies used dosages of 1-2 g/d taken
for 6 months in conjunction with modified dietary and
exercise habits to show an improvement in BMI of
1.42kg/m? (24). Alternatively, some extended the Met
treatment for 1 yr and observed a reduction in BMI of
1.1kg/m? compared with placebo (11). In our results,
Met had an inverse association with total cholesterol
and LDL-C and a direct association with HDL-C.
No effect on triglyceride concentration was observed,
as has been reported in other studies (25, 26). There
was no effect on either fasting glucose and insulin or
HOMA-IR, contrary to findings in other studies (11,
24, 27). Met’s lack of effect on metabolic variables is
likely due to the insufficient time and dose used in this
study. However, although this drug is prescribed to
improve the metabolic states of patients afflicted with
DT?2 or polycystic ovary syndrome (28-30), a higher
dose was not used because it has not been sufficiently
studied in obese individuals <12yr of age with IR
(31). On the basis of the results of previous studies,
we speculate that a higher dose of Met could have
improved IR (32).

w-3 Effects

Participants treated with -3 experienced weight
reduction and effects on fasting glucose and lipid
profiles. Regarding weight loss, the BMI reduction
was greater than 0.5 kg/m?, which was statistically and
clinically significant. Those individuals supplemented
with ®-3 presented with significantly improved
measurements for glucose, insulin, and HOMA-IR
clusters. Figure 2 depicts how w-3 modified the slope
of the line correlating HOMA-IR and BMI at the end
of the intervention, while the Met group line remained
unchanged. This partially supports the effect of »-3 on
both BMI and IR. In terms of the lipid profile, »-3

Pediatric Diabetes 2013: 14: 377-383



Omega-3 reduces insulin resistance in obese children

Table 2. Changes in anthropometric and metabolic variables at end of the study

Metn =98 w-3n=103 Met vs. ®-3
n=98 n=103

Diff* 95% Cl Diff* 95% Cl Diff 95% Cl pt
Anthropometric
BMI (kg/m?) -0.27 —-0.53t0 —0.01 -0.55 —-0.81t0—-0.30 -0.28 —0.651t0 0.08 0.127
BMI (percentile) —-0.42 -0.63t0 -0.21 -0.64 —-0.85t0—-0.44 -0.22 —0.52 10 0.08 0.147
WC (cm) -0.07 —1.16t0 1.02 —0.03 —1.07 to 1.01 0.04 —1.481t0 1.56 0.957
Blood pressure
SBP (mmHg) —2.58 -5.10to —0.07 —-0.91 —-3.24t01.43 1.68 —1.80t0 5.15 0.950
DBP (mmHg) —1.54 -3.901t00.83 0.95 -1.25103.15 2.48 —-0.78105.75 0.135
Metabolic
Glucose (mg/dL) 1.08 —0.63t02.78 —2.58 —419to —0.96 —-3.66 —6.03to—1.28 0.003
Insulin (wU/mL) —2.58 —-5.38t0 0.22 —4.21 —6.86 to —1.55 —1.63 —-5.531t02.28 0.412
HOMA-IR —-0.50 —-1.20t0 0.20 -1.04 —-1.70to -0.38 —-0.54 —-1.51100.43 0.277
Total-C (mg/dL) -6.53 —11.17t0-1.88 —-0.29 —4.69to0 4.12 6.24 —-0.23to 12.71 0.059
HDL-C (mg/dL) 3.91 2.31t05.50 212 0.61t0 3.63 —-1.79 —4.01100.43 0.114
LDL-C (mg/dL) —10.21 —15.74 to —4.68 4.58 —0.66 to 9.82 14.79 7.09 t0 22.49 <0.001
Triglycerides (mg/dL)  11.34 -3.90t026.58 -26.35 —-40.78to —11.91 -37.69 -58.91to—-16.46  0.001

BMI, body mass index; C, cholesterol; Cl, confidence interval.; DBP, diastolic blood pressure; HOMA-IR, homeostasis model
to assess the insulin resistance index; SBP, systolic blood pressure; WC, waist circumference.

*Mean changes from baseline to end were adjusted for age, sex, and change in BMI.

Tp values obtained by Wald statistics and multiple lineal regression models.
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Metformino —-
R2 =0.05 p=0.022
Omega-3 ® —
1o | R2=0.11 p<0.001 o

HOMA-IR (log)M

T
100

92 94 96 98
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Fig. 2. Relationships between homeostasis model assessment-estimated insulin resistance (HOMA-IR) and body mass index (BMI) percentile
in the metformin (Met) and omega-3 (»-3) groups at baseline (A) and at the end of treatment (B).

had a direct association with HDL-C levels and an
inverse association with triglycerides. In controlled
clinical trials with adults, triglyceride reduction is
dose dependent, and an effect is observed even for
dosages of <1 g/d (33). In this study, we used a dosage
of approximately 2 g/d that produced a triglyceride
reduction similar to that reported in the literature (16,
34, 35). However, the -3 dosages used in this study
did not modify the total cholesterol or LDL-C levels,
even while inducing a modest but significant increase
in HDL-C (16, 34).

The precise mechanism by which -3 improves
fasting glucose and insulin values and HOMA-IR has
not been completely elucidated. Likewise, the required
dose to improve IR and triglycerides in obese children is
also under study; it was recently reported that 900 mg/d

Pediatric Diabetes 2013: 14: 377-383

for 4wk reduced glucose, insulin, and HOMA-IR in
obese children with IR (33).

It has been proposed that the above benefits are
produced by the incorporation of w-3 into skeletal
muscle cell membranes, improvements in lipid capture
in the liver, reductions in plasma glucose levels,
decreased triglyceride synthesis, and increased lipid
beta-oxidation. These benefits can also improve the
depuration of very low-density lipoprotein particles
from peripheral circulation (36—39).

Our study has several major limitations. First,
the study’s design was not double-blind; rather, the
assignment of treatment was made according to the
school that the child attended. Second, while the
experiment was being performed, we did not intervene
with dietary and exercise modifications. Although
this is a limitation against reducing weight, this did
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allow for us to observe the effects of each treatment
more specifically. Third, the dosages and lengths of
the treatments posed another limitation. While the
Met dosages were considered low, the ®w-3 dosages
could be considered high; additionally, the duration
of 12wk used could be considered short. However,
at least for w-3, the duration of treatment is not
associated with the effect observed, which suggests that
once the maximal effect is achieved, it is maintained
throughout the intervention period (34). Fourth, no
antiinflammatory or proinflammatory cytokines or any
other lipid metabolites were measured to ascertain the
effects of Met and w-3 on these parameters. Other
studies have reported that w-3 increases adiponectin
concentrations (33, 40); consequently, it was not
possible to establish the effect of these treatments
on the inflammatory response. Finally, the onset of
puberty was not measured; therefore, this variable,
which has been described to be associated with IR even
before the onset of puberty (41), was not controlled.

In conclusion, despite the many limitations of our
study, our results indicate that, at low dosages and
for a short duration, Met modestly improves several
metabolic and anthropometric parameters in obese
children but does not affect IR; the dose could be
considered insufficient. w-3 treatment improved IR,
triglyceride levels, and weight loss, possibly because
PUFAs were used at doses that potentially permitted
their integration into the cellular membranes of
tissues that modulate diverse molecular pathways and
improve inflammatory and metabolic states (35).

The results of this study suggest that »-3 may be
useful as an adjuvant therapy for obese children with
IR. These results do not exclude the promotion of the
dietary intake of these fatty acids, or of regular exercise
habits.
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