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Introduction

Abstract

Objective: The aim of this study was to evaluate the effectiveness
of flaxseed consumption in improving weight loss and altering
anthropometric indices in overweight and obese women with
polycystic ovary syndrome (PCOS). Our hypothesis was that the
high fiber and a-linolenic (ALA) contents of flaxseed would
decrease weight, body mass index (BMI), waist circumference and
fat mass, so it would improve PCOS.

Materials and Methods: Sixty eight patients between the ages
of 20 and 40 years participated in this double-blinded, randomized
placebo-controlled study. Subjects were randomly assigned to
flaxseed and placebo groups to use 15 grams of flaxseed or placebo
daily for 12 weeks. Sixty two participants completed anthropometric
measurements before and after study.

Results: The results showed that weight, BMI, waist circumference,
visceral fat percentage and body fat percentage were significantly
decreased and body muscle percentage was significantly increased in
both groups. In addition consumption of 15 gr/days flaxseed for 12
weeks by overweight or obese women with PCOS significantly
decreased the mean change of BMI (P-value= 0.04) and in regards of
weight, the reduction was marginally significant (P-value= 0.05).
However, there was no significant difference in the mean change of
waist circumference (P-value= 0.46), percentage of body fat (P-
value= 0.78), muscle (P-value= 0.18) and visceral fat (P-value=
0.43) between flaxseed and control groups.

Conclusion: These findings represented that flaxseed
supplementation could reduce BMI and weight but other factors did
not change significantly. Further studies are needed to show that
flaxseed can be used as a supplement for weight loss in PCOS.
Keywords: Polycystic ovarian syndrome, Body mass index,
flaxseed

olycystic ovarian syndrome (PCOS) is a  varies from 5 to 21% (1). PCOS is the most
common endocrine disorder in women common cause of infertility in women, (2) and
of reproductive age and its prevalence characterized by acne, high levels of androgen
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hormones, menstrual disorders, infertility and
hirsutism (3). Studies showed that PCOS is
strongly associated with insulin resistance,
metabolic syndrome, abdominal obesity, type
2 diabetes, heart disease and dyslipidemia (3-
7). Furthermore, PCOS increases the risk of
mental disorders such as depression and
anxiety (8).

Approximately 50% of women with PCOS are
obese (9). Obesity may also play a role in the
etiology of PCOS and affects fertility through
various mechanisms such as
hyperandrogenism, increase in Luteinizing
Hormone (LH) and insulin resistance (9).
Obese women with PCOS show a higher level
of insulin resistance and hyperinsulinemia
which contributes to androgen excess and lack
of ovulation (9). Additionally, the substances
produced by the adipose tissue, including
adiponectin, resistin and visfatin may also play
a role in the pathophysiology of PCOS(10).
Studies showed that weight loss improves
some of the clinical aspects of PCOS,
including menstruation and fertility (11) and
also it could improve many cardiovascular risk
factors associated with PCOS such as insulin
resistance and dyslipidemia(12).

Flaxseed (Linumusitatissimum L.) is a
functional food(13), and it contains several
biological active substances such as alpha
linolenic acid (ALA), lignin
(Secoisolariciresinol- diglycoside (SDG)), and
mucilage soluble fiber (d-Xylose, L-Galactose,
LRhamnose, dgalacturonic acid), which have
significant health effects (14). Further, it is a
rich food source of lignan, which is one of the
groups of phytoestrogens (15). Flaxseed and
its components have beneficial effects on
decreasing risk of cardiovascular diseases,
diabetes, blood pressure and hyperlipidemia
(16-18). Some studies showed an inverse
relationship between flaxseed consumption
and body composition indices (19,20), while
other studies demonstrated little or no effect
on body composition compared to control
group (21-23).

As obesity is an important contributory factor
for PCOS, the purpose of this study was to

assess the efficacy of supplementation with
flaxseed on a weight reduction, change of the
body mass ilndex (BMI), waist circumference,
body fat, and muscle in overweight and obese
PCOS patients.

Materials and Methods

All researchers were blind to the treatment
allocation until the completion of the study.
Randomization was performed by using
computer-generated random numbers, and the
packing of supplement was undertaken by a
third person who was not involved in patient
contact or the sample collection and analysis.
Random assignment was only decoded when
all data had been collected and computed. The
random assignment was conducted in 2 blocks
to enable a balance between the groups.

This trial was carried out among 68 women
with PCOS, diagnosed based on the Rotterdam
criteria (24) who referred to Shahid Beheshti
hospital in Isfahan. The inclusion criteria was
being overweight or obese (BMI> 25), age
between 20 to 40 and willingness to
collaborate in the study. We excluded subjects
who were pregnant or lactating, using steroids,
hormones or antiplatelet drugs, positive
history of gastrointestinal obstruction or
inflammatory bowel disease and people with
allergy to flaxseed. Patients provided informed
written consent before starting the study.
Participants were randomly assigned to take
either flaxseed or placebo for 12 weeks. The
shapes of placebo and flaxseed package were
completely similar, and each package
consistsof 15 grams of flaxseed or placebo,
that their calories were also nearly equal.
Participants should use one package of
flaxseed or placebo every day with their lunch
or dinner. Compliance was monitored by
asking participants to return any unused
package to the researchers at the end of each
visit and if they use less than 80% of
supplements, they will be excluded from the
analysis.

We ask the participants not to change their
physical activity, and they were on a weight
loss diet during the intervention. The weight
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loss diet was designed based on body
composition of participants. First, the basic
energy expenditure of person was calculated,
Then the physical activity level and thermic
effect of food were added to it, finally to
achieve a weight reduction, the total energy
was reduced by 500 Kcal.

To assess the dietary intake and physical
activity of subjects we ask them to complete 3-
day food records (A weekend and 2 day of the
week) and physical activity records as
metabolic equivalents at the beginning and in
the end of intervention. Daily calorie intake
was calculated by nutritionist IV software
(First Databank, San Bruno, CA).

The weight of participants was measured with
the minimum dress using the Omron Digital
Scales Model BF511 with a precision of 100
grams. The fat mass and muscle mass were
also measured using the same device. Height
was measured in standing position, without
shoes with leg heels sticking to the wall by
measuring tape with a precision of 0.1 cm.
Waist circumference (WC) of individuals was
also measured at each visit using a tape meter
measuring 0.1 cm in the smallest space
between the last rib and the iliac bone.

The normality of data distribution was
assessed by using the Kolmogorov—Smirnov
test. To compare variables between groups
Paired T-test and independent T-test were
used. All statistical analyses were conducted
by SPSS software, version 22, and P-value>
0.05 was considered to be statistically
significant.

Ethical considerations

This study was approved by Committee of
Ethics in Research of Shahid Sadoughi
University of Medical Sciences, Yazd, Iran
with number of IR.SSU.SPH.REC. 1395.140,
and it was registered in the Iranian Clinical
Trial Registration Center (www.irct.ir) with
IRCT2017021110826N22 code. In addition at
the beginning of the study, all patients
completed written consent.

Results

Initially 83 participants were screened for
inclusion criteria. Fifteen subjects were
excluded due to lack of our inclusion criteria.
Participants were randomly assigned to
intervention (n=34) and control (n=34) groups,
during the intervention period 6 subjects were
dropped out for pregnancy (n=3) and personal
reasons (n=3). Finally our analysis was
conducted on 62 participants (Figure 1). The
initial characteristics of the participants at
baseline in both groups were summarized in
Table 1. There were no significant differences
in age, height, weight, BMI, waist
circumference, percent of body fat and muscle,
visceral fat, physical activity level and total
energy intake between groups. According to 3
day food record and physical activity
questionnaire that collected at baseline and
end of the study there were significant
reduction in energy intake in each group
because of weight loss diet, (P-value<0.001)
(Table2), while no significant difference was
reported for levels of physical activity after 12
weeks of intervention.

Table 1. Baseline characteristics of study participants

Intervention

Control group

Variable group (n=32) (n=30) F-value
Age (years) 29.59 (+5.75) 30.33 (6.93) 0.64*
Height (cm) 159.95 (26.74) 159.66 ( £5.62) 0.85°
Weight (kg) 80.49 (x11.74) 82.71 (x14.6) 0.51%
BMI (kg/m2) 31.55 (+5.06) 32.40 (+5.08) 0.51%
Waist circumference (cm) 102.78 (x11.05) 105.26 (x£10.30) 0.37%
Percent of fat 45.94 (£5.09) 46.90 (4.25) 0.42*
Percent of muscle 23.04 (x2.30) 22.96 (x1.81) 0.87%
Percent of visceral fat 7.06 (£1.36) 7.63 (£1.58) 0.12°
energy intake (kcal/day) 1931.25 (£225.31) 1880 (+238.38) 0.38 #
LV IE6l 7 LU 2089.40 (+47.26) 2093.73 (+47.75) 0.72°

(met-minute/week)

a: independent T-test
b: Mann-Whitney U
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Assessed for eligibility (n=83)

Enrollment

‘ Didn’t meet inclusion
Randomization (n=68) — criteria

l (n=15)

12 weeks fallow up

Control group (n=34)

Exclude:
1-pregnancey (n=1)
2-did not wish to continue (n=3)

}

Data analysis (n=30)

‘ Flaxseed group (n=34)

Exclude:
1-pregnancey (n=2)

l

Data analysis (n=32)

Figure 1. The CONSORT follo diagram of sampling

There was no meaningful difference regarding
energy intake and physical activity between
groups at the end of trial. The mean changes of
anthropometric indices were depicted in Table
3. Our analysis showed that mean decrease in
BMI was different between two groups (P-
value= 0.04) and in regards of weight
reduction was marginally significant after 12
weeks (P-value= 0.05). While the rest of
variables such as waist circumference,
percentage of body fat, muscle and visceral fat
did not significantly change.

Discussion

This randomized, double blinded, controlled
clinical trial showed that co-administration of
flaxseed with weight loss diet can reduce BMI
and weights of patients with PCOS more
remarkable than weight loss diet with placebo.
To our knowledge, this study is the first
research of flaxseed supplementation on
anthropometric indices among women with
PCOS.

The results of one study (25) that investigated
the effects of flaxseed supplementation in
metabolic syndrome management illustrated
that body weight, WC and BMI reduced
significantly greater in flaxseed group rather
than control group. In addition, the results of
another study reported that the change in body
weight and BMI during the treatment period
was significantly different between the control
group and flaxseed groups in type 2 diabetes
patients (19).

Regarding to BMI and waist circumference,
the results of Mandasescu et al. (26), that
assessed the effect of supplementation with 20
grams of flaxseed with a hypolipidic diet in
hyperlipidaemic individuals for 60 days
showed no significant differences in BMI
change. Also, the results of Machado et al
(27).

Study that evaluated the effects of brown and
golden flaxseed in overweight adolescents
showed no significant differences in the
groups for anthropometric parameters and
body composition.
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assessed
Variable Time Interv?:llil:;)zn) group Con(t:;lsg;'oup P-value*
Initial 225.31 (£1931.25) 238.38 (£1880) 0.38
Energy (kcal/day) Final 221.38 (£1479.68) 171.07 (£1446) 0.50
P-value** <0.001 <0.001
Initial 18.42 (+81.64) 27.23 (£81.21) 0.94
Carbohydrate (g/d) Final 19.35 (£80.84) 1.46 (£73.1) 0.08
P-value** 0.86 0.15
Initial 51.84 (££274.15) 58.31 (£256.83) 0.21
Protein (g/d) Final 62.04 (+171.38) 52.60 (++196.44) 0.09
P-value** <0.001 <0.001
Initial 14.83 (£66.73) 20 (£66.56) 0.97
Fat (g/d) Final 1.72 (£57.02) 9.61 (£56.07) 0.79
P-value** 0.03 0.01
Initial 3.05 (+18.89) 7.44 (£21.64) 0.06
SFA (g/d) Final 4.84 (£21.15) 3.97 (x19.88) 0.26
P-value** <0.001 0.29
Initial 5.13 (£19.86) 7.66 (£2029) 0.79
MUFA (g/d) Final 5.09 (£15.12) 3.96 (x15.43) 0.79
P-value** 0.001 0.002
Initial 2.27 (£14.24) 7.22 (£15.41) 0.38
PUFA (g/d) Final 8.57 (x13.41) 8.53 (x13.39) 0.99
P-value** 0.60 0.28
i T In.itial 136.48 (£306.03) 4.73 (£261.67) 0.09
(mg/d) Final 98.90 (+186.62) 103.09 (£234.85) 0.06
P-value** 0.001< 0.17
Total fiber (g/d) Initial 2.82 (x£12.97) 3.04 (£12.66) 0.67
Final 1.74 (£16.57) 5.13 (x16.46) 0.76
P-value** 0.001< 0.001<
*independent T-test
**paired T-test
Table 3. Anthropometric data, according to study group and time of assessment
Intervention group (n=32) Control group (n=30) P-value**
Variable Change Change Zvalue
0 week 12 week A value* (%) 0Oweek 12 week A-value* (%) 0 week 12 week (change)**
Weight (kg) (i8101-%794) (_;51‘?153) <0.001 -5.73 (5124.7‘;2) (;194.3(;52) <0.001 -4 0.51 0.27 0.05
2 3155  29.66 32.40 31.09
BMI (kg/m”) (£5.06) (£4.70) <0.001 -5.89 (*5.08)  (£5.05) <0.001 0.51 0.25 0.04
Waist
fi:lcl;lmference (lfls 0256) ( i9 18§?758) <0.001 -6.12 (lff 1758) ( i9 18 1%‘ 6) 0.004 -4 0.37 0.93 0.48
Percent of fat (ig?)g) (iﬁég) <0.001 -7.03 (123(5)) (i?;%) 0.009 -7.85 0.42 0.75 0.78
Percent of 23.04 2454 22.96 23.90
muscle (2.3) (£2.15) <0.001 6.90 (£1.89)  (£2.58) 0.002 4.04 0.78 0.29 0.14
Percent of 7.06 6.56 7.63 7.23
visceral fat (£1.36) (*1.41) <0.001 719 (1.58)  (%1.52) <0.001 - 0.13 0.07 0.22

* paired T-test
** Independent sample T-test

In another randomized research that evaluated difference health status of participants(18,26),

the effects of daily flaxseed consumption in
obese men and women with pre-diabetes
showed that body weight, BMI, or percent of
fat mass were not significantly different during
treatment periods (18). These contrasts in the
results of studies may be attributed to the

age, gender and low adherence of participants
(27). This decrease in BMI may be due to the
high fiber content of flaxseed. Dietary fiber,
particularly soluble one, has anti-obesity
effects that have been shown to decrease body
weight (28). Dietary fiber can prevent weight
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gain or improve weight loss by several
mechanisms. It can delay gastric emptying,
creates a feeling of satiety through absorbing a
lot of water (29) and enhances the production
of short chain fatty acids that can increase
satiety by a variety of mechanisms (30). In
addition, dietary fiber can increase viscosity
and reduce biliary acid reabsorption,
consequently reducing micelle formation and
lipid uptake (31). Another mechanism can be
attributed to a-linolenic acid (ALA) in
flaxseed. As we know, ALA is converted to
eicosapentaenoic acid and docosahexaenoic
acid in the human body.The mechanisms by
which these fatty acids can help improve body
composition are suppressing appetite and
promoting apoptosis of adipocytes (32).
Furthermore, they can alter the expression of
genes involved in the regulation of fat
metabolism in a number of tissues such as
liver, intestine, cardiac muscle and skeletal
muscle, and reduce the expression of genes
involved in lipogenesis in adipose tissue (32).

This study had several strengths, it has
controlled clinical trialdesign, the moderate
drop-out rate, in addition we use whole-grain
flaxseed instead of flaxseed oil or lignin. The
limitation of this study is that, we did not
measure the ALA content of erythrocyte
membranes, which used as a marker of
adherence to flaxseed supplementation.
However, we tried to control this problem by
follow-up participants and asking them to
bring the unused supplements in each visit,
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