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Abstract

Background and Objectives: Flaxseed is a rich source of soluble dietary fibre, alpha- linolenic acid(ALA), and secoisolaricires inoldiglucoside (SDG)
all of which have been proven to reduce weight and lipid levels. This study was aimed to examine whether a low dose flaxseed suppresses lipid and reduces
weight.

Method: The study was an internal experimental study. Participants visiting M.V. Hospital for Diabetes in Chennai, were screened whose ages were
between 25 to 55 years. About 108 participants were recruited for the study i.e. 56 men and 44 women. All participants were on OHA and had no change in their
medication. They were divided into two groups, control and trial group with 50 and 58 participants respectively. Both groups received intense diet counselling
and asked to maintain their diet with 30mins of brisk walking daily. Trial group was counselled to include two level tablespoons of powdered flaxseed in 100
ml of water. The Study duration was for 3months.

Results: The initial weight of the control and trial group was 77.75+11.99 and 79.44+12.28 respectively. The final weight of the control group was
78.45+12.01, a increase from the initial weight (p=0.005) while in the trial group there was a decrease in weight from 79.44+12.28 to 75.62+11.73. (P<0.001).
There was a significant decrease in HbA1c from 7.75 + 0.94 to 6.76 + 0.68. (P<0.001) and Triglycerides, LDL and Cholesterol.

Interpretation and Conclusion: These finding suggests that flaxseed supplementation helps to reduce weight and helps in glycemic control among
subjects with Type 2 Diabetes.
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than 1.9 billion adults were overweight (body mass index [BMI] =
25 kg/ m?), and 600 million were obese (BMI > 30 kg m?) [2,3]. It
is predicted that ~1.12 billion individuals will be obese by 20303.
Evidence supports the role of diet in the development of MetS4 and

Introduction

Metabolic Syndrome (MetS) has been defined as a constellation
of metabolic abnormalities including central obesity, dyslipidaemia,
elevated blood pressure, Type 2 Diabetes and cardiovascular disease

[1]. Due to a rapid change in lifestyle i.. diet pattern and exercise obesity. The scientific advisory committee of the American Heart

in the last few decades, MetS has become a major challenge in India
and affects nearly 62 million and by 2030 nearly 90% of the total
population of India is likely to be affected by Diabetes. One of the
main causes of MetS is obesity. Obesity is a major health concern
and an important risk factor for Diabetes, cardiovascular disease and
cancer. According to the World Health Organization in 2014, more

Association (AHA) has published dietary recommendations for MetS
management [5]. A decreased prevalence of MetS was reported with
intensive approaches [6], i.e. very low-energy diets [7] and structured
dietary regimens, including low-fat and high-carbohydrate diets [8].
However, it is unknown whether [9] a less intensive lifestyle program
might also be effective.
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Flaxseed is a complex food containing high amounts of PUFA,
mainly a-linolenic acid (ALA), an (n-3) fatty acid, as well as soluble
fiber, lignan precursors, and other substances that may have health
benefits [4]. Flaxseed contains 22% ALA and contains high levels of
soluble dietary fibre [9-11]. Harper et al [12] found that ALA from
flaxseed (3 g/day) tends to increase the concentrations of the large,
less atherogenic LDL1 and LDL2 sub- fractions. The smaller diameter
and more dense LDL particles have a greater proclivity for oxidation
and an enhanced ability to penetrate the intima compared with the
larger, less dense LDL particles.

Many studies have reported a loss of weight due to the presence
of soluble fiber which helps in the control of hunger and intake [13].

A two arm internal experimental study was conducted to study
the effect of flaxseed supplementation as an adjunct intervention
to lifestyle counselling. Additionally, the BMI, triglycerides levels,
total cholesterol levels, HbA1lc values, as well as the fasting and post
prandial blood sugars were evaluated.

Aim of the Study The aim of the study was to examine whether
flaxseed supplementation in the diet reduces weight and brings about
glycemic control and improves Lipid profile among subjects with
Type2 Diabetes Mellitus.

Methods

Study Design The present study was an internal experimental
study. Participants with metabolic syndrome, i.e. central obesity,
dyslipidemia, and Type 2 Diabetes Mellitus visiting a tertiary care
Centre M.V. Hospital for Diabetes and Prof. M. Viswanathan
Diabetes Research Centre in the department of Diet and Nutrition in
Chennai, South India were screened whose ages were between 25 to
55 years and those meeting the following parameters were included
in the trial i.e. fasting blood glucose above 120 mg/dl, and BMI above
25. The study was for a period of three months from January 2019
to May 2019. Exclusion criteria were clinically diagnosed renal, liver,
heart, endocrine disturbances mental diseases or digestive problems
and those already taking flaxseeds and nuts.

A total of 300 individuals visiting the center were screened and
108 participants were recruited for the study (58 men and 50 women).
All participants were on OHA and did not change their medication
during the trial period.

The Study protocol was approved by the institution’s ethical
committee. The registration no. was IEC/N-014/11/2018.

Lifestyle counselling included the two main components of diet
and exercise.

All participants received intensive diet counselling by a Senior
Dietitian and were provided with guidance on diet. They were asked
to follow their diet, with the following instructions such as limited
consumption of red meat (twice a month), normal salt intake, with
normal fruit (1 to 2 servings per day) and vegetable consumption (3
to 4 servings per day)

Participants were divided into two groupsi.e. both groupsreceived
lifestyle counselling which included 30 minutes of brisk walking
and their regular diet pattern. The participants in the trial group
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were requested to take two level standard measuring tablespoons of
flaxseed powder in 100 ml of water and have it in the morning before
breakfast. The participants were called once a week telephonically to
ensure dietary adherence as well as adherence to the study protocol.
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Baseline Measurements

The age group of the participants was between 25 to 55 years.
Based on the baseline survey 108 participants (36%) met the criteria
of selection. At baseline a dietary recall was taken to evaluate their
normal dietary habits, medication details and activity pattern.

Standardized protocols were used to collect anthropometric
measurements. Body weight and height were measured in light
clothing without any shoes to the nearest 0.1kg and 0.1cm respectively.
BMI was calculated as kg/m?* .

Participants were requested to fast overnight and fasting and post
prandial samples were collected. Serum samples were analysed on the
same day. All examinations and sample collections were repeated at
the completion of the 3 month intervention period.

Serum glucose fasting and post-prandial values were measured
enzymatically on an automatic analyser (BS-400mindray). HDL was
measured using immuno inhibition, cholesterol and Triglyceride
using enzymatic method and LDL direct measurement (BS-
400mindray).

Haemoglobin A1C (HbAlc) was quantified using immuno turbi
metric method (cobas 311).

Statistical Analysis

Statistical analysis was performed using IBM SPSS version
2.0. Statistical analysis was done for baseline data using t-test for
independent samples. Frequency, percentage was done by Fisher’s
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Table 1: Carbohydrate and fat intake in Control and Trial group before and after intervention.
Control Trial
Variables - ontrol 9roup . . ria -group .
Baseline After intervention P value Baseline After intervention P value
Carbohydrate 250+60.55 232+3.65 0.004 255+39 224129 0.000
Fat 30.34+8.67 28.28+8.00 0.000 27.3+6.21 24.28+4.98 0.000
Values are mean + SD
Table 2: Fasting and Post prandial blood glucose values before and after intervention.
Control grou Trial grou
Variables . . group " . g P .
Baseline After intervention P value Baseline After intervention P value
Fasting Blood Glucose 150.64+46.82 153.86148.18 0.379 136.98+35.44 118.94+2.94 0.000
Post prandial Blood glucose 217.46+59.35 217.60+57.98 0.988 222.24+59.04 172.34+30.51 0.000
Values are mean + SD
Table 3: HDL Levels before and after intervention
Varlables Control group Trial group
‘ Baseline After intervention P value Baseline After intervention P value
‘ HDL 37.08+8.10 37.52+7.40 0.573 39.64+12.43 38.94+7.00 0.666

Values are mean + SD

exact test. A comparison was performed between initial and final
evaluation with paired t- test.

Result

A total of 108 participants were divided into two groups 50 in the
control group and 58 in the trial group. The study period was for 3
months from Jan 2019 to May 2019 Eight participants dropped out
due to lack of interest to continue the study in the trial group.

Baseline Characteristics: The age range was 25 to 55 years with
the mean age of the control group was 50.92+7.74 and that of the trial
group 50.88+8.17. Forty eight percent (n=24) and 64 % (n=32) were
men in the control and trial group respectively. After randomization,
the group appeared fairly balanced with respect to BMI and
medication uses.

Dietary adherence was 92.59% (8 participants dropped out of
the study). At the end of the 3 month period total energy intake
decreased from the baseline calories 1528+252 to 1464+124 for the
control group (p =0.012) and calories of trial group from 1533+155
to 1400+124 at the end of the 3 month trial period which was highly
significant in the trial group (p < 0.001). The percent of energy from
carbohydrate and fat significantly decreased in both groups (Table 1).

There was a 7.2% decrease in the intake of carbohydrate in the
control group while the decrease in the intake of trial group was
12.5%.

The decrease in fat intake was 6.8% and 11.06% in the control and
trial group respectively.

The participants of the trial group had a highly significant level of
weight loss from 79.44+12.28 to 75.62+11.73 (p < 0.001). The control
group did not show the same loss in weight but there was a slight
increase in weight (p=0.005) (Figure 1).

The trend was reflected in the BMI values also. The initial BMI
of the control group was 30.53+3.88 and that of the trial group

was 30.67£4.00. The BMI after the intervention period of three
months was 30.79+3.85 and 29+3.83 of the control and trial group
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Figure 1: Comparison of weight in kilograms of the control and trail group
before and after intervention (mean+SD).
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Figure 2: HbA1c(%) values of the control and trial group before and after
intervention(mean+SD).
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Figure 3: Comparison of Triglycerides levels (mg/dl) of control and trial
group (meanSD)
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Figure 4: Comparison of IDL levels 9mg/dl) of control and trial group (mean
+SD).

| 162.30+38.05
200.00 | 156843523
190.00 |

180.00 |

1370624866
1516422823

170.00 |
160.00 |
150.00 |
140.00 | HWBASELINE

130.00 | BFOLLOWUP

TOTAL CHOLESTROL

120.00 -|
110.00 -
100.00 |
90.00 |

80.00 |
Control Trial
GROUP

Figure 5: Comparison of Total Cholesterol levels (mg/dl) of control and trial
group (mean +£SD).

respectively. The decrease in BMI was highly significant in the trial
group (p<0.001) While the control group did not show any change in
their BMI (p=0.043).

Table 2 shows the comparative fasting and post prandial
blood sugars of both the control and trial groups. The values show
a decrease in both the fasting and post prandial blood sugar levels
after intervention with flaxseed which was statistically significant
(p<0.001).

The reduction in blood glucose values resulted in a decrease of
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the HbA1c values in the trial group as shown in Figure 2. The HbAlc
values significantly reduced from 7.75+0.94 to 6.76+0.68 in the trial
group (p<0.001).

A similar reduction in the triglyceride, LDL and total cholesterol
levels were seen in the trial group after intervention. There was a
lowering of TG, LDL and total cholesterol by 26%, 16% and 24%
respectively which was highly significant (p value of 0.000) in all three
cases.

The same trend was not observed in the control group. There was
a decrease in the total cholesterol level in the control group which was
not significant as can be seen in Figures 3,4 and 5.

However the HDL values of both the control and trial group did
not change after intervention as seen in Table 3.

Discussion

In the present study two level standard measuring tablespoons of
powdered flaxseed was given to the participants of the trial group to
be taken in water early morning before breakfast.

Kristensen et al 14 (2013) in their study reported that addition of
2 g/M]J of flaxseed dietary fiber (from isolated mucilage) to a mixed
meal decreased lipid response. They have also reported that subjective
measures of appetite to point toward increased satiety after a flaxseed
meal. Other literature also reports a similar finding when given a
viscous dietary fiber source like flaxseed [15-17]. They also observed
an inhibitory effect of flaxseed dietary fiber on the hunger-signalling
hormone ghrelin which was observed throughout the test day [14].

The results of this study were also substantiated by a systematic
review and meta analysis of RCT [13]. This analysis reported that
participants ingesting flaxseed products had lower body weight, BMI
and waist circumference after intervention than controls. Research
has shown that this reduction in weight was due to the presence of
lignans primarily secoisolaric resinol diglucoside (SDG) [18,19].

The significant decrease in body weight and BMI following
supplementation with flaxseed can also be explained by the subsequent
increase in circulating ALA. ALA is converted to eicosapentaenoic
acid (EPA, 20:5,n=3) and docosahexaenoic acid (DHA, 22:6,n=3) in
the body [20]. The anti-obesity effects of EPA and DHA have been
well documented [21-23].

It is a known fact that obesity is associated with abnormal post-
prandial lipid patterns [24]. Reductions in triglyceride concentrations
have been observed in individuals consuming dietary fibers from
other foods like pea fiber [25], oat bran [26], wheat [27] etc.

Other studies have reported that there was a lowering of both
total cholesterol and LDL cholesterol by 12 and 15% respectively in
7 days [28]. It has also been reported in this study [28] that 5 g of
dietary fiber from flaxseed for one week significantly increased fecal
excretion of fat and reduced total and LDL cholesterol.

Purified lignans in the form of SDG have been shown to reduce
visceral fat in mice [29]. The authors 29 have reported that the
high content of SDG may contribute to the overall effect of flaxseed
through a reduction of mRNA levels of sterol regulatory element
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binding proteins that are involved in triacyl glycerol synthesis. It is
also suggested that SDG may also be useful in regulating adiponectin
levels and can prevent or reduce obesity through increased fat
oxidation in skeletal muscle [29]. The current study found that two
level standard measuring tablespoons of powdered. Flax seed per
day reduced fasting and post prandial blood glucose levels with a
corresponding significant reduction of HbAlc levels.

Hutchins et al (2013) [30] have reported in their study that a daily
low dose of flaxseed supplementation decreased insulin resistance
in overweight and obese, glucose intolerant people. Fasting insulin
values also significantly reduced with daily consumption of 13 g of
ground flaxseed.

Kristensen et al [14] have reported a decreased insulin response
after supplementation with flaxseed which may indicate that flaxseed
dietary fiber reduced the rate of glucose uptake leading to a decreased
demand for insulin to match the rate of glucose uptake in peripheral
tissue.

Limitations of the Study

The sample for the present study comprised of only 108 people
with diabetes visiting the MV Hospital. This sample is only a very
small proportion of the entire population of diabetics. Therefore,
research studies with much larger sample size would be required to
ensure appropriate generalization of the findings of the study.

Conclusion

Two level standard measuring tablespoons of powdered flaxseed
was supplemented in the diet to the trial group showed reduced
weight and BMI. There was a lowering of the LDL, total cholesterol
and triglyceride values. However there was no significant difference
in the HDL levels. The present findings should be regarded as proof
of the efficacy of flaxseed to reduce weight and maintain lipid profile
and control HbA1c values.

Acknowledgement

The authors wish to thank Prof. M. Viswanathan Diabetes
Research Centre for the funding to carry out this work.

References

1. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, et al. (2005);
Diagnosis and management of the metabolic syndrome. An American Heart
Association/ National Heart, Lung, and Blood Institute Scientific Statement.
Executive summary. Cardiol Rev 13: 322-327.

2. World Health Organization. Obesity and Overweight. Fact Sheet No 311.
(Updated March 2013). World Health Organization.

3. Kelly T, Yang W, Chen C-S, Reynolds K, He J, et al. (2008) Global burden of
obesity in 2005 and projections to 2030. Int J Obes 32: 1431-1437.

4. Andreassi MG (2009) Metabolic syndrome, Diabetes and atherosclerosis:
influence of gene-environment interaction. Mutat Res 667: 35-43.

5. Krauss RM, Eckel RH, Howard B, Appel LJ, Daniels SR, et al. (2000) AHA
Dietary Guidelines: revision 2000: a statement for healthcare professionals
from the Nutrition Committee of the American Heart Association. Circulation
102: 2284-2299.

6. Orchard TJ, Temprosa M, Goldberg R, Haffner S, Ratner R, et al. (2005)
The effect of metformin and intensive lifestyle intervention on the metabolic

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20

21

22.

23.

24,

25

26.

Mageshwari JU, et al.

syndrome: the Diabetes Prevention Program randomized trial. Ann Intern
Med 142: 611-619.

Harjula KT, Borg PT, Nenonen AM, Fogelholm MG (2005) Effects of a weight
maintenance program with or without exercise on the metabolic syndrome: a
randomized trial in obese men. Prev Med 41: 784-790.

Poppitt SD, Keogh GF, Prentice AM, Williams DEM, Sonnemans HMW, et
al. (2002) Long-term effects of ad libitum low-fat, high-carbohydrate diets
on body weight and serum lipids in overweight subjects with metabolic
syndrome. Am J Clin Nutr 75: 11-20.

Hall C, Tulbek MC, Xu Y (2006) Flaxseed. Adv Food Nutr Res 51: 1-97.

Pan A, Yu D, Demark-Wahnefried W, Franco OH, Lin X (2009) Meta-analysis
of the effects of flaxseed interventions on blood lipids. Am J Clin Nutr 90:
288-297.

Bloedon LT, Szapary PO (2004) Flaxseed and cardiovascular risk. Nutr Rev
62: 18-27.

Harper CR, Edwards MC, Jacobson TA (2006) Flaxseed oil supplementation
does not affect plasma lipoprotein concentration or particle size in human
subjects. J Nutr 136: 2844-2848.

Sartang MM, Mazloom Z, Dehkordi HR, Boldaji RB, Bellissimo N, et al. (2017)
The effect of flaxseed supplementation on body weight and body composition:
a systematic review and meta analysis of 45 randomized placebo-controlled
trials Obesity Reviews 18: 1096-1107.

Kristensen M, Savorani F, Christensen, S, Engelsen S.B, Bligel S, et al (2013)
Flaxseed dietary fibers suppress postprandial lipemia and appetite sensation
in young men Nutrition, Metabolism & Cardiovasular Diseases 23: 136-143.

Chow J, Choe YS, Noss MJ, Robinson KJ, Dugle EJ, et al. (2007) Effect
of a viscous fiber-containing nutrition bar on satiety of patients with type 2
Diabetes. Diabetes Res Clin Pract 76: 335-340.

Delargy HJ, O’Sullivan KR, Fletcher RJ, Blundell JE (1997) Effects of amount
and type of dietary fibre (soluble and insoluble) on short term control of
appetite. Int J Food Sci Nutr 48: 67-77.

Ibriigger S, Kristensen M, Mikkelsen MS, Astrup A (2012) Flaxseed dietary
fiber supplements for suppression of appetite and food intake. Appetite 58:
490-495.

Lara CRS, Fassini PG, Silvah JH, Lima CMM, Marchini JS (2015) Impact of
weight loss diet associated with flaxseed on inflammatory markers in men
with cardiovascular risk factors: a clinical study Nut J 14: 5.

Wu H, Pan A, Yu Z, Qi Q, Lu L, Zhang G, et al. (2010) Lifestyle Counseling
and Supplementation with Flaxseed or Walnuts Influence the Management of
Metabolic Syndrome J Nutr 140: 1937-1942.

. Burdge G (2004) a-Linolenic acid metabolism in men and women: nutritional

and biological implications. Curr Opin Clin Nutr Metab Care; 7: 137-144.

. Garaulet M, Hernandez-Morante J, Tébar F, Zamora S (2006) Anthropometric

indexes for visceral fat estimation in overweight/obese women attending to
age and menopausal status. J Physiol Biochem 62: 245-252.

Buckley JD, Howe P (2009) Anti-obesity effects of long-chain omega- 3
polyunsaturated fatty acids. Obes Rev 10: 648-659.

Buckley JD, Howe PR (2010) Long-chain omega-3 polyunsaturated fatty acids
may be beneficial for reducing obesity — A review Nutrients 2: 1212-1230.

Lopez-Miranda J, Williams C, Lairon D (2007) Dietary, physiological, genetic
and pathological influences on postprandial lipid metabolism. Br J Nutr 98:
458-473.

. Sandstrom B, Hansen LT, Sorensen A (1994) Pea fiber lowers fasting and

postprandial blood triglyceride concentrations in humans. J Nutr 124: 2386-
2396.

Lia A, Andersson H, Mekki N, Juhel C, Senft M, et al (1997) Post prandial
lipemia in relation to sterol and fat excretion in ileostomy subjects given oat-
bran and wheat test meals. Am J Clin Nutr 66: 357-365.

Citation: Mageshwari JU, Trueman P, Krishnan D, Viswanathan V. Management of Metabolic Syndrome with Lifestyle Counseling and Supplementation

05 with Flaxseed. Indian J Nutri. 2021;8(3): 232.


https://pubmed.ncbi.nlm.nih.gov/16708441/
https://pubmed.ncbi.nlm.nih.gov/16708441/
https://pubmed.ncbi.nlm.nih.gov/16708441/
https://pubmed.ncbi.nlm.nih.gov/16708441/
https://www.who.int/news-room/fact-sheets
https://www.who.int/news-room/fact-sheets
https://pubmed.ncbi.nlm.nih.gov/18607383/#:~:text=The estimated total numbers of,without adjusting for secular trends.
https://pubmed.ncbi.nlm.nih.gov/18607383/#:~:text=The estimated total numbers of,without adjusting for secular trends.
https://pubmed.ncbi.nlm.nih.gov/19028510/
https://pubmed.ncbi.nlm.nih.gov/19028510/
https://pubmed.ncbi.nlm.nih.gov/11056107/
https://pubmed.ncbi.nlm.nih.gov/11056107/
https://pubmed.ncbi.nlm.nih.gov/11056107/
https://pubmed.ncbi.nlm.nih.gov/11056107/
https://pubmed.ncbi.nlm.nih.gov/15838067/
https://pubmed.ncbi.nlm.nih.gov/15838067/
https://pubmed.ncbi.nlm.nih.gov/15838067/
https://pubmed.ncbi.nlm.nih.gov/15838067/
https://pubmed.ncbi.nlm.nih.gov/16125218/#:~:text=Results%3A After WR%2C the mean,%2C body composition) of MBO.
https://pubmed.ncbi.nlm.nih.gov/16125218/#:~:text=Results%3A After WR%2C the mean,%2C body composition) of MBO.
https://pubmed.ncbi.nlm.nih.gov/16125218/#:~:text=Results%3A After WR%2C the mean,%2C body composition) of MBO.
https://pubmed.ncbi.nlm.nih.gov/11756055/#:~:text=Conclusions%3A A low%2Dfat%2C,body weight or lipid profile.
https://pubmed.ncbi.nlm.nih.gov/11756055/#:~:text=Conclusions%3A A low%2Dfat%2C,body weight or lipid profile.
https://pubmed.ncbi.nlm.nih.gov/11756055/#:~:text=Conclusions%3A A low%2Dfat%2C,body weight or lipid profile.
https://pubmed.ncbi.nlm.nih.gov/11756055/#:~:text=Conclusions%3A A low%2Dfat%2C,body weight or lipid profile.
https://pubmed.ncbi.nlm.nih.gov/17011474/
https://pubmed.ncbi.nlm.nih.gov/19515737/
https://pubmed.ncbi.nlm.nih.gov/19515737/
https://pubmed.ncbi.nlm.nih.gov/19515737/
https://pubmed.ncbi.nlm.nih.gov/14995053/
https://pubmed.ncbi.nlm.nih.gov/14995053/
https://pubmed.ncbi.nlm.nih.gov/17056811/
https://pubmed.ncbi.nlm.nih.gov/17056811/
https://pubmed.ncbi.nlm.nih.gov/17056811/
https://pubmed.ncbi.nlm.nih.gov/28635182/
https://pubmed.ncbi.nlm.nih.gov/28635182/
https://pubmed.ncbi.nlm.nih.gov/28635182/
https://pubmed.ncbi.nlm.nih.gov/28635182/
file:///Z:\OP\IJN\Volume 8\D\IJN 08-232(2029)\14.%09Kristensen M, Savorani F, Christensen, S, Engelsen S.B, B�gel S, et al (2013) Flaxseed dietary fibers suppress postprandial lipemia and appetite sensation in young men Nutrition, Metabolism & Cardiovasular Diseases 23: 136-143.
file:///Z:\OP\IJN\Volume 8\D\IJN 08-232(2029)\14.%09Kristensen M, Savorani F, Christensen, S, Engelsen S.B, B�gel S, et al (2013) Flaxseed dietary fibers suppress postprandial lipemia and appetite sensation in young men Nutrition, Metabolism & Cardiovasular Diseases 23: 136-143.
file:///Z:\OP\IJN\Volume 8\D\IJN 08-232(2029)\14.%09Kristensen M, Savorani F, Christensen, S, Engelsen S.B, B�gel S, et al (2013) Flaxseed dietary fibers suppress postprandial lipemia and appetite sensation in young men Nutrition, Metabolism & Cardiovasular Diseases 23: 136-143.
https://pubmed.ncbi.nlm.nih.gov/17023088/
https://pubmed.ncbi.nlm.nih.gov/17023088/
https://pubmed.ncbi.nlm.nih.gov/17023088/
https://pubmed.ncbi.nlm.nih.gov/9093551/#:~:text=Hunger ratings showed a trend,high soluble fibre breakfast cereal.&text=There was no significant effect,on total day energy intake.
https://pubmed.ncbi.nlm.nih.gov/9093551/#:~:text=Hunger ratings showed a trend,high soluble fibre breakfast cereal.&text=There was no significant effect,on total day energy intake.
https://pubmed.ncbi.nlm.nih.gov/9093551/#:~:text=Hunger ratings showed a trend,high soluble fibre breakfast cereal.&text=There was no significant effect,on total day energy intake.
file:///Z:\OP\IJN\Volume 8\D\IJN 08-232(2029)\17.%09Ibr�gger S, Kristensen M, Mikkelsen MS, Astrup A (2012) Flaxseed dietary fiber supplements for suppression of appetite and food intake. Appetite 58: 490-495.
file:///Z:\OP\IJN\Volume 8\D\IJN 08-232(2029)\17.%09Ibr�gger S, Kristensen M, Mikkelsen MS, Astrup A (2012) Flaxseed dietary fiber supplements for suppression of appetite and food intake. Appetite 58: 490-495.
file:///Z:\OP\IJN\Volume 8\D\IJN 08-232(2029)\17.%09Ibr�gger S, Kristensen M, Mikkelsen MS, Astrup A (2012) Flaxseed dietary fiber supplements for suppression of appetite and food intake. Appetite 58: 490-495.
https://nutritionj.biomedcentral.com/articles/10.1186/1475-2891-14-5
https://nutritionj.biomedcentral.com/articles/10.1186/1475-2891-14-5
https://nutritionj.biomedcentral.com/articles/10.1186/1475-2891-14-5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3361016/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3361016/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3361016/
https://pubmed.ncbi.nlm.nih.gov/15075703/
https://pubmed.ncbi.nlm.nih.gov/15075703/
https://pubmed.ncbi.nlm.nih.gov/17615950/
https://pubmed.ncbi.nlm.nih.gov/17615950/
https://pubmed.ncbi.nlm.nih.gov/17615950/
https://pubmed.ncbi.nlm.nih.gov/19460115/#:~:text=Abstract,body fat when already obese.
https://pubmed.ncbi.nlm.nih.gov/19460115/#:~:text=Abstract,body fat when already obese.
https://pubmed.ncbi.nlm.nih.gov/22254005/#:~:text=Studies in rodents and humans,delivery to skeletal muscle and
https://pubmed.ncbi.nlm.nih.gov/22254005/#:~:text=Studies in rodents and humans,delivery to skeletal muscle and
https://pubmed.ncbi.nlm.nih.gov/17705891/
https://pubmed.ncbi.nlm.nih.gov/17705891/
https://pubmed.ncbi.nlm.nih.gov/17705891/
https://pubmed.ncbi.nlm.nih.gov/16856319/
https://pubmed.ncbi.nlm.nih.gov/16856319/
https://pubmed.ncbi.nlm.nih.gov/16856319/
https://pubmed.ncbi.nlm.nih.gov/9250115/
https://pubmed.ncbi.nlm.nih.gov/9250115/
https://pubmed.ncbi.nlm.nih.gov/9250115/

INDIAN JOURNAL OF NUTRITION Mageshwari JU, et al.

27. Cara L, Dubois C, Borel P, Armand M, Senft M, et al. (1992) Effects of oat lignan attenuates high-fat diet-induced fat accumulation and induces
bran, rice bran, wheat fiber, and wheat germ on postprandial lipemia in adiponectin expression in mice. Br J Nutr; 100: 669-676.

healthy adults. Am J Clin Nutr 55: 81-88. . o
30. Hutchins AM, Brown BD, Cunnane SC, Domitrovich SG, Adams ER, et al

28. Kristensen M, Jensen MG, Aarestrup J, Petersen KEN, Sondergaard L, et al (2013) Daily flaxseed consumption improves glycemic control in obese men
(2012) Flaxseed dietary fibers lower cholesterol and increase fecal fat excretion, and women with pre-Diabetes: a randomized study Nutrition research 33:
but magnitude of effect depend on food type Nutrition & Metabolism 9: 8. 367-375.

29. Fukumitsu S, Aida K, Ueno N, Ozawa S, Takahashi Y, et al. (2008) Flaxseed

Citation: Mageshwari JU, Trueman P, Krishnan D, Viswanathan V. Management of Metabolic Syndrome with Lifestyle Counseling and Supplementation
with Flaxseed. Indian J Nutri. 2021;8(3): 232.


https://pubmed.ncbi.nlm.nih.gov/1309476/#:~:text=Cholesterolemia decreased postprandially for 6,humans to a variable extent.
https://pubmed.ncbi.nlm.nih.gov/1309476/#:~:text=Cholesterolemia decreased postprandially for 6,humans to a variable extent.
https://pubmed.ncbi.nlm.nih.gov/1309476/#:~:text=Cholesterolemia decreased postprandially for 6,humans to a variable extent.
https://pubmed.ncbi.nlm.nih.gov/22305169/
https://pubmed.ncbi.nlm.nih.gov/22305169/
https://pubmed.ncbi.nlm.nih.gov/22305169/
https://pubmed.ncbi.nlm.nih.gov/18252024/
https://pubmed.ncbi.nlm.nih.gov/18252024/
https://pubmed.ncbi.nlm.nih.gov/18252024/
https://pubmed.ncbi.nlm.nih.gov/23684438/
https://pubmed.ncbi.nlm.nih.gov/23684438/
https://pubmed.ncbi.nlm.nih.gov/23684438/
https://pubmed.ncbi.nlm.nih.gov/23684438/

	Title
	Abstract
	Introduction 
	Methods
	Result
	Discussion
	Limitations of the Study 
	Conclusion
	Acknowledgement
	References
	Table 1
	Table 2
	Table 3
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5

