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0 Abstract

Introduction and Objective. Flaxseed is known for its wide
range of health benefits. The aim of this literature review is
to gather current scientific evidence regarding the effects
of flaxseed consumption on risk factors for metabolic and
cardiovascular diseases, such as blood pressure, lipid profile,
glucose and insulin metabolism, and body weight.

Brief description of the state of knowledge. Research
indicates that flaxseed can lower both systolic and diastolic
blood pressure, affecting peripheral as well as central
measurements. It also appears to improve the lipid profile
by reducing total cholesterol, LDL- (including small dense
LDL), VLDL-, and non-HDL cholesterol, as well as triglycerides.
Additionally, it decreases the total cholesterol to HDL ratio,
as well as the LDL to HDL ratio. Flaxseed consumption may
also raise HDL cholesterol levels. Its positive effects extend
to glucose and insulin metabolism - lowering fasting blood
glucose and glycated haemoglobin levels, reducing insulin
resistance, increasing insulin sensitivity, and improving
post-meal blood sugar control. Including flaxseed in the
diet might also help reduce body weight, BMI, waist and
hip circumference, waist-to-hip ratio, and body fat mass.
Furthermore, it may increase adiponectin levels.

Summary. Flaxseed has beneficial effects on blood pressure,
lipid profile, glucose and insulin metabolism, and body
weight. These benefits suggest that flaxseed may represent
avaluable component of the daily diet supporting metabolic
and cardiovascular health.
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I Streszczenie

Wprowadzenie i cel pracy. Siemie Iniane jest znane ze swo-
jego szerokiego spektrum wihasciwosci zdrowotnych. Celem
niniejszego przegladu literatury jest zebranie aktualnych do-
woddéw naukowych na temat wptywu spozycia siemienia
Inianego na czynniki ryzyka choréb metabolicznych i ser-
cowo-naczyniowych: ci$nienie tetnicze krwi, profil lipidowy,
wskazniki gospodarki weglowodanowej oraz mase ciata.
Opis stanu wiedzy. Badania wykazuja, ze siemie Iniane obniza
zaréwno skurczowe, jak i rozkurczowe ci$nienie tetnicze krwi,
mierzone w pomiarach obwodowych, jak réwniez centralnych.
Ponadto poprawia profil lipidowy poprzez obnizenie poziomu
cholesterolu catkowitego, cholesterolu LDL (w tym matych,
gestych LDL), cholesterolu VLDL oraz cholesterolu nie-HDL.
Spozycie siemienia Inianego obniza takze poziom tréjglicery-
doéw i moze podnosi¢ poziom cholesterolu HDL, a takze obniza
stosunek cholesterolu catkowitego do HDL oraz stosunek LDL
do HDL. Korzystne wiasciwosci siemienia Inianego dotycza
takze gospodarki weglowodanowej, a mianowicie obniza
ono poziom glukozy na czczo i hemoglobiny glikowanej,
zmniejsza insulinoopornos¢, zwieksza wrazliwosé na insuline
oraz poprawia kontrole glikemii popositkowej. Wprowadzenie
siemienia Inianego do diety moze takze poméc w redukgji
masy ciata, obnizeniu BMI, zmniejszeniu obwodu talii i bioder
oraz stosunku talii do bioder, jak réwniez w redukcji masy
tkanki ttuszczowej. Co wiecej, spozycie siemienia Inianego
moze podwyzszac poziom adiponektyny.

Podsumowanie. Siemie Iniane wykazuje korzystny wptyw
na cisnienie tetnicze krwi, profil lipidowy, wskazniki gospo-
darki weglowodanowej oraz mase ciata. Korzysci te sugeruja,
ze siemie Iniane moze stanowi¢ wartosciowy sktadnik co-
dziennej diety, wspierajgcy zdrowie metaboliczne i sercowo-
-naczyniowe.

Stowa kluczowe
cisnienie tetnicze krwi, masa ciata, siemie Iniane, poziom
glukozy, olej Iniany, profil lipidowy
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INTRODUCTION

Flaxseed (Linum usitatissimum), also known as linseed, is
widely known for its numerous health-promoting properties.
It is a rich source of alpha-linolenic acid (ALA), which is an
essential omega-3 fatty acid displaying cardio-protective
and anti-inflammatory activity [1-3]. Flaxseed is also a rich
source of dietary fibre, which is used to ease constipation
[3-5]. According to the results of numerous studies, flaxseed
exhibits anti-inflammatory properties. Its consumption has
reduced markers of systemic inflammation - C-reactive
protein (CRP) levels and tumour necrosis factor-alpha
(TNF-a) [6-12]. Flaxseed may also enhance endothelial
function, thereby supporting vascular health and reducing
cardiovascular risk [13]. Flaxseed also exhibits antioxidant
properties [12]. Scientific evidence suggests that flaxseed
may support liver health, particularly in patients with non-
alcoholic fatty liver disease (NAFLD) [14-16], and has been
shown to improve metabolic parameters in polycystic ovary
syndrome (PCOS) [6, 7, 17]. Flaxseed may also be beneficial
for metabolic syndrome patients, as it may help lower systolic
blood pressure, fasting plasma glucose, triglycerides level,
and waist circumference [18, 19].

Because of different bioactive components and its
promising effects, flaxseed has become a subject of interest
in the treatment of some diseases.

OBJECTIVE

The aim of this literature review is to gather current scientific
evidence regarding the effects of flaxseed consumption on
risk factors for metabolic and cardiovascular diseases, such as
blood pressure, lipid profile, glucose and insulin metabolism,
and body weight.

MATERIALS AND METHOD

Original open-access articles in English concerning the
effects of flaxseed on blood pressure, lipid profile, glucose
and insulin metabolism, and body weight regulation were
searched. For this purpose, the term ‘flaxseed’ was used in
combination with the following key words: ‘blood pressure’,
‘lipid profile’, ‘glucose’, ‘insulin’, and ‘body weight’. The
PubMed, Google Scholar, and ScienceDirect databases were
used and publications from 2015-2025 were considered.

Records identified through database searching

n=>516

After removing review articles

n=467

After titles and abstracts screening

=137
After removing articles without full-text open access
n=121
After full-text reading

n=30

Figure 1. The literature selection process

DESCRIPTION OF THE STATE OF KNOWLEDGE

Blood pressure. Flaxseed supplementation can be effective
in reducing blood pressure. In patients diagnosed with
hypertension, a 12-week intervention involving the daily
intake of 30 g of flaxseed powder (milled flaxseed) led
to significant reductions in both systolic blood pressure
(SBP) and diastolic blood pressure (DBP). Specifically, SBP
decreased by 13.38 units, whereas in the placebo group, which
received 30 g of wheat flour daily for 12 weeks, it increased by
1.72 units. Likewise, DBP decreased by 5.6 units, while rising
by 2.39 units in the placebo group [20]. Similarly, patients
with metabolic syndrome, consuming 30 g of whole flaxseed
powder daily for 12 weeks experienced reductions in both
SBP and DBP. Patients were advised to consume the flaxseed
powder twice daily in 2 divided doses, either combined with
250 ml of water or added to a salad for lunch or dinner [18].

In another study, a reduction in SBP and DBP was observed
in patients with metabolic syndrome as a result of consuming
25 ml of flaxseed oil daily for 7 weeks. The mean change in SBP
was -14.0+22.41, while DBP decreased by -4.26+7.44. This
study also compared the effects of flaxseed oil with sunflower
seed oil, but no statistically significant reduction in blood
pressure was observed in the group of patients consuming
sunflower seed oil [21]. In another investigation, patients with
ulcerative colitis were divided into 2 intervention groups. One
group received 30 g of ground flaxseed daily, while the other
group was supplemented with 10 g of flaxseed oil daily, both
for a period of 12 weeks. Significant reductions in both SBP
and DBP were observed in each group [22].

A notable decrease in SBP was recorded among healthy,
elderly individuals who were classified into a subgroup with
initial SBP >140 mm Hg. At the beginning, their mean SBP
was 15513 mm Hg, which decreased to 140+11 mm Hg
following 24 weeks of intervention. The participants received
a dosage of 600 mg of secoisolariciresinol diglucoside from
a flaxseed complex rich in lignans, BeneFlax, once a day for
24 weeks. The supplement was mixed with mashed apples or
another food, such as yoghurt. Additionally, the participants
received 1,000 IU of vitamin D3 daily, compared to a control
group who received whey protein at a weight equivalent
to BeneFlax, alongside the same vitamin D3 dosage. The
flaxseed group exhibited a significant reduction in SBP. There
was no change in DBP in the subgroup of individuals with
SBP 2140 mm Hg. Among participants with initial SBP
<140 mm Hg, no difference in blood pressure was observed
after intervention, neither between the treatment and control
group, nor the treatment group after 24-week period [23].

In contrast, another study found that flaxseed resulted
in a decrease only in DBP, with no effect on SBP. The trial
involved overweight youths who were either given 28 g a day
of brown or golden flaxseed in various forms, at school every
weekday for 11 weeks, or the equivalent amount of wheat bran
in the control group. Both flaxseed groups demonstrated
a significant DBP decrease: from 76.18+8.06 to 69.71+10.68
mmHg in the brown flaxseed group, and from 78.03+10.36
to 70.53+6.21 in the golden flaxseed group. It is worth
noting, however, that the participants ingested only around
half of the intended flaxseed dose, which might have been
insufficient to achieve all the potential health effects [24].

Beyond its impact on peripheral blood pressure, the effect
of flaxseed on central blood pressure was also specifically
examined. The patients diagnosed with peripheral artery
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disease were given one specially formulated food product
a day for one year, either containing milled flaxseed (30 g),
or placebo produced using wheat with various dietary oils.
The food options included snack bars, tea biscuits, buns,
pasta, bagels, and muffins. Central SBP (cSBP) decreased in
both the flaxseed and placebo groups, though the effect was
more pronounced in the flaxseed group, showing decreases
of 3.4 mm Hg at 6 months and 4.9 mm Hg at 12 months. In
contrast, the placebo group saw a decrease of 1.7 mm Hg and
3.3 mm Hg at the respective time points. Regarding central
DBP (cDBP), only the flaxseed group showed a significant
reduction - 1.3 mm Hg at 6 months and 2.6 mm Hg at 12
months, whereas the placebo group experienced an increase
in ¢cDBP of 1.1 mm Hg at 6 months and 1.5 mm Hg at 12
months. Additionally, the blood pressure-lowering effects
of flaxseed were more pronounced among hypertensive
patients. The reduction in cSBP from baseline was 7.9 mm Hg
at 6 months and 14.2 mm Hg at 12 months. The reduction in
cDBP from baseline was 5.3 mm Hg at 6 months and 8.7 mm
Hg at 12 months. Although ¢cDBP changes from baseline in
hypertensive subjects were significant, comparisons with
the placebo group did not reach statistical significance. The
study concluded that flaxseed-induced reductions in central
blood pressure occurred without cardiovascular impact, but
through decrease in plasma oxylipins [25].

Lipid profile. Flaxseed may improve lipid profile. Numerous
studies have demonstrated that flaxseed effectively lowers total
cholesterol levels [5, 10, 11, 13, 20, 21, 26-33]. In several of these
studies, such an effect was achieved through the consumption
of milled flaxseed, most commonly in the amount of 30 g
per day for 12 weeks, but also over shorter periods, such
as 40 days, or longer durations, such as one year, as well as
with smaller amounts, such as 16 g per day for 90 days [11,
20, 29, 30, 32, 33]. A reduction in total cholesterol was also
achieved through flaxseed oil consumption, administered in
varying doses and durations - 10 g/day for 12 weeks, 20 g/
day for 10 weeks, or 25 ml/day for 7 weeks [21, 26, 27]. In one
of these studies various food products, such as buns, milk
powder, sausage, and crunchy wafer layered with chocolate
cream, were supplemented with flaxseed oil [27]. Total
cholesterol-lowering effects were also observed with various
flaxseed-based interventions, including: flaxseed oil capsules
containing 400 mg of a-linolenic acid each; lower dosage of
flaxseed mucilage ingested twice a day for 12 weeks; sugar-
free, sugarless maltodextrin-based biscuits with an orange
taste enriched with 2.5 g of flaxseed each (2 biscuits taken
twice daily for 12 weeks); and biscuits providing 28 g per day of
milled flaxseed, ingested over a 10-week period [5, 10, 28, 31].

There is scientific evidence indicating that flaxseed lowers
low-density lipoprotein (LDL) cholesterol, including small
dense LDL (sd-LDL) particles [5, 21, 26, 27, 30-32, 34, 35].
Moreover, milled flaxseed enhanced the LDL-cholesterol-
decreasing effects of hypocholesterolaemic drugs, as
evidenced by an 8.5% reduction in LDL cholesterol after
12 months of flaxseed supplementation combined with
pharmacotherapy, compared to a 3.0% increase in the group
using pharmacotherapy alone [30]. Interestingly, biscuits
from flaxseed flour significantly reduced LDL cholesterol
levels in individuals with the TT genotype of rs11076023,
whereas no such effect was observed in those with the
AA or AT genotypes, suggesting a genetically modulated
reaction [35].

Flaxseed can also lower non-high-density lipoprotein
(non-HDL) cholesterol and very low-density lipoprotein
(VLDL) cholesterol [10, 26]. In Japanese men, a 12-week
supplementation with 10 g of flaxseed oil once daily with
dinner resulted in significantly lower non-HDL cholesterol
concentrations, compared with the group receiving corn
oil [26]. In women with gestational diabetes who consumed
flaxseed oil supplements, after 6 weeks of intervention VLDL
cholesterol levels were significantly reduced by 8.10 mg/dL,
compared to the placebo group [10].

Only a few studies have shown an increase in high-
density lipoprotein (HDL) cholesterol following flaxseed
consumption. In one study, participants (elderly individuals
aged 60 and above) were randomly assigned to receive either
flaxseed oil capsules (3 g/day) or a placebo (gelatin powder)
for 90 days. The supplementation was administered as 6
capsules of 500 mg daily - 3 before lunch and 3 before
dinner. All participants adhered to a healthy diet, and
subgroups were stratified by saturated fat consumption:
low (<7% of total energy content) or high (>7% of total
energy content). In the control group, following the diet
without flaxseed supplementation, no significant increase
in HDL cholesterol was observed. Only the combination
of the diet and flaxseed supplementation resulted in
asignificant elevation in HDL levels. The effect was especially
pronounced among participants with lower saturated fat
consumption, highlighting the synergistic benefit of flaxseed
oil supplementation alongside dietary modification [36]. In
another study, metabolic syndrome patients with ulcerative
colitis of mild to moderate severity consumed 30 g per day
of brown milled flaxseed for 12 weeks, divided into 2 doses
of 15 g each, taken at lunch and dinner with yoghurt, salad
or cold drinks. Compared to the control group, flaxseed
supplementation resulted in a significant rise in HDL
cholesterol levels [33].

Flaxseed supplementation has also been shown to reduce
the total cholesterol to HDL ratio, as well as the LDL to HDL
cholesterol ratio [5, 10, 27]. Among women with gestational
diabetes who consumed flaxseed oil supplements, the total
cholesterol to HDL ratio was significantly reduced after
6 weeks of intervention, with an average decrease of 0.58
compared to the placebo group [10]. In another study, a 10-
week consumption of biscuits providing 28 g of milled
flaxseed per day resulted in a reduction of 1.3 in the mean
total cholesterol to HDL ratio [5]. Regarding the LDL to
HDL ratio, it was significantly decreased in the above-
mentioned study in which participants consumed various
food products supplemented with flaxseed oil, such as buns,
milk powder, sausage, and a crunchy wafer layered with
chocolate cream [27].

Numerous studies have demonstrated that flaxseed also
effectively lowers triglycerides [10, 11, 18, 19, 21, 28, 29, 31-33,
37]. In several studies, triglyceride levels decreased following
the daily consumption of 30 g of milled flaxseed for 12
weeks. In one study, the reduction in triglycerides in the
flaxseed group was 69.87 mg/dL greater than in the control
group [18]. In another study, the decrease was 53.71 mg/dL
greater, similar, to a third study, in which it was 53.03 mg/
dL greater than in the control group [11, 19]. In a fourth
study, the decrease was only 7.87 mg/dL greater compared
to the control group [33]. In another study, participants
also consumed 30 g of raw flaxseed powder daily, but for
a shorter period of 40 days, which resulted in a 67.13 mg/
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dL greater reduction in triglyceride levels compared to the
control group [32]. In the study where participants consumed
biscuits containing flaxseed meal for breakfast for 60 days,
a 38.97 mg/dL greater reduction in triglyceride levels was
observed than in the control group [37]. A triglyceride-
lowering effect was also demonstrated for a high dose of
flaxseed mucilage, administered twice daily for 12 weeks,
which reduced triglyceride levels by 35.43 mg/dL more than
in the control group [28]. A similar effect was observed
following the consumption of supplements containing
n-3 fatty acids from flaxseed oil, administered at a dose of
1,000 mg twice daily for 6 weeks. A 40.49 md/dL greater
reduction in triglyceride levels was then achieved compared
to the control group [10].

It is worth noting that flaxseed consumption combined
with lifestyle adjustment had stronger effects than lifestyle
adjustment alone [11, 19, 36].

Glucose and insulin metabolism. Flaxseed may have
a positive effect on glucose and insulin metabolism
parameters. It has been shown to reduce fasting plasma
glucose and glycated haemoglobin [5, 10, 18, 29, 35].

Flaxseed supplementation reduces HOMA-IR, indicating
a decrease in insulin resistance [10, 18, 19, 33]. It also increases
QUICKI or the Matsuda Index, indicating an increase in
insulin sensitivity [10, 18, 19]. Additionally, flaxseed intake is
associated with lower levels of insulin and C-peptide, as well
as a reduction in the HOMA- index, suggesting decreased
pancreatic insulin secretion [10, 12, 18, 33].

Flaxseed has been shown to consistently improve
postprandial glycaemic response across various populations
and study designs. In male patients with diabetes mellitus
(type 2), ingestion of milled raw golden flaxseed (15 g) prior
to breakfast significantly reduced the 2-hour post-prandial
glycaemia, specifically with a 17% decrease in glucose peak
elevation and a 24% reduction in the 2-hour area under the
curve (AUC) [38]. Among individuals with an elevated risk of
developing type 2 diabetes, administration of puddings made
with starch and maltose syrup with soluble flaxseed gum
added, resulted in lowered post-meal glucose and insulin
peaks. This effect appears to be mediated by the increased
gastrointestinal viscosity induced by soluble dietary fibre,
likely delaying food passage from the stomach rather than
affecting starch hydrolysis or sugar transport [39]. Likewise,
in healthy adults who underwent a glucose challenge
(50 g), with the inclusion of 31.5 g of milled flaxseed, the
intervention led to a marked attenuation of post-prandial
glycaemia, including a 60.0+19.7 mmol/l-min reduction in
glucose AUC, and a 0.44+0.12 mmol/l decrease in average
plasma glucose during 120 minutes, along with a lower peak
glucose elevation by 0.73+£0.24 mmol/l [40]. Moreover, in
participants’ everyday life settings, daily consumption of
muffins with flaxseed (each containing 10 g of flaxseed),
either as a single morning dose or distributed across 3
meals (totalling 30 g/day), significantly reduced the 24-hour
incremental AUC, with the greatest benefit observed when
flaxseed was consumed in smaller, spaced portions. Both
flaxseed strategies also led to significantly lower nocturnal
glucose levels compared to the control group [41].

Flaxseed has also shown beneficial effects on metabolic
parameters in cases of gestational diabetes. Following
a 6-week, twice a day supplementation of 1,000 mg of n-3
fatty acids from flaxseed oil (each capsule containing 400 mg

of a-linolenic acid), participants exhibited reductions in
fasting plasma glucose, HOMA-IR, along with an increase in
QUICKI, compared to the placebo group (sunflower oil) [10].

The combination of flaxseed with lifestyle adjustment
proved to be more effective in improving metabolic
parameters than lifestyle adjustment implemented in
isolation [26]. Furthermore, in individuals with type 2
diabetes, supplementing on-going metformin treatment with
16 g of flaxseed daily over a 3-month period resulted in better
normalization of blood glucose and glycated haemoglobin
levels, compared to metformin treatment alone [29].

A beneficial effect on glucose and insulin metabolism has
been demonstrated not only for milled flaxseed powder,
but also for buns with flaxseed mucilage, flaxseed biscuits,
biscuits with de-fatted flaxseed flour, or flaxseed muffins
[5, 35, 41].

The effect of flaxseed on glycaemia may depend on the
genotype of the individual. It was demonstrated that the
consumption of biscuits from flaxseed flour significantly
reduced levels of fasting plasma glucose in individuals with
the CC genotype of the NPY rs16147 polymorphism, whereas
the effect was less pronounced in T-allele carriers (TT +
TC), with a significant interaction observed between diet
and genotype [35].

Body weight regulation. Flaxseed may be beneficial for
overweight and obese patients. It was demonstrated that
flaxseed mucilage, administered twice daily for 12 weeks,
led to reductions in body weight, Body Mass Index (BMI),
waist circumference, hip circumference, and fat tissue mass
in patients with overweight and moderate obesity. The group
consuming flaxseed mucilage at higher dosage experienced
an average weightloss of 4.96+1.89 kg, while the group taking
lower dosage lost 3.70+2.57 kg, both significantly more than
the placebo group which followed a calorie-restricted diet
without any supplementation (1.33+2.05 kg). Additionally,
68% of participants in the higher dosage group and 46% in the
lower dosage group achieved at least 5% of weight reduction,
in comparison to only 9% in the placebo group [28].

Also in many other studies, flaxseed consumption has
been associated with significant reductions in body weight
and BMI [5, 11, 19-21, 32, 35, 37]. Participants typically
consumed 30 g of milled flaxseed daily for a duration of 12
weeks [11, 19, 20]. In one study, participants consumed 30 g
of flaxseed daily for a shorter period of 40 days, which also
led to reductions in body weight and BMI [32]. In another
study, patients experienced weight loss by consuming 25 ml
of flaxseed oil daily for 7 weeks [21].

There is an interesting and attractive form of flaxseed
product that may also be effective in combatting overweight
and obesity — biscuits. In one study, participants consumed
sugarless maltodextrin-based biscuits with an orange taste
enriched with 2.5 g of flaxseed each (2 biscuits taken twice
daily for 12 weeks), resulting in a total daily intake of 10 g of
flaxseed [5]. In other studies, participants consumed biscuits
(100 g) made with low-fat flaxseed meal, at breakfast for 60
days, or 8 weeks [35, 37]. In all the above-mentioned studies,
flaxseed biscuits led to significant reductions in body weight
and BMI among the participants.

Integrating flaxseed supplementation with lifestyle
adjustment yields greater efficacy in managing metabolic
syndrome and promoting weight loss, compared to lifestyle
adjustment alone [11, 19]. Individuals who were given flaxseed
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noticed a decrease in appetite, a lower sense of hunger, and
fewer food-related intrusive thoughts [11, 37]. Furthermore,
flaxseed could decrease visceral fat accumulation and obesity
risk by enhancing adiponectin levels [3].

It is worth highlighting that the effect of flaxseed on
body weight and BMI may depend on gene polymorphisms
associated with hunger and the feeling of fullness. Significant
reductions in body weight and BMI were observed in
individuals carrying the A allele (AA + AT) of the FTO gene
(rs11076023) and the A allele (AA + AG) of the BDNF gene
(rs6265). A similar weight reduction was seen in participants
carrying T-allele (TT + TC) of the PCSK1 gene (rs155971),
and not in individuals not-carrying this allele. These findings
suggest that the effectiveness of flaxseed in managing body
weight may be influenced by individual genetic differences,
highlighting the potential for individualized nutrition plans
based on genetic profile [35].

Apart from the impact on body weight and BMI,
consumption of milled flaxseed or flaxseed oil has been shown
to reduce waist circumference [3, 19, 21, 22]. In the studies by
Morshedzadeh et al., Ahmadniay Motlagh et al., and Yari et
al., the consumption of 30 g of milled flaxseed daily for 12
weeks resulted in a reduction in waist circumference that was
1,29 cm, 4,52 cm, and 6,25 cm greater, respectively, compared
to the control group [3, 19, 22]. In the aforementioned study
by Morshedzadeh et al., a group that consumed 10 g of
flaxseed oil daily for 12 weeks was also examined, showing
a 1.11 cm greater reduction in waist circumference, compared
to the control group [22]. Similarly, in the study by Akrami
et al., the group that consumed 25 mL of flaxseed oil daily
for 7 weeks achieved a statistically significant reduction in
waist circumference, with a mean decrease of 2.26 cm. No
such statistically significant reduction was observed in the
group consuming sunflower seed oil in the same amount and
for the same duration as in the flaxseed group [21]. Flaxseed
may also reduce waist-to-hip ratio. In the aforementioned
study by Ahmadniay Motlagh et al., apart from the decrease
in waist circumference, the consumption of 30 g of milled
flaxseed daily for 12 weeks also resulted in a statistically
significant reduction in the waist-to-hip ratio, which was
0.03 greater than in the control group [3].

Flaxseed also positively affected satiety indicators such
as fullness, hunger, general appetite, and need to eat [40].
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Figure 2. Beneficial effects of flaxseed on blood pressure, lipid profile, glucose
and insulin metabolism, and body weight regulation

DISCUSSION

This review presents studies demonstrating the effects
of flaxseed on blood pressure, lipid profile, glucose and
insulin metabolism parameters, body weight, BMI, and
anthropometric measurements such as waist circumference
and waist-to-hip ratio. However, some studies have not
demonstrated a statistically significant impact of flaxseed
consumption on these parameters.

Evidence from some trials suggests a lack of effect of
flaxseed on blood pressure regulation [19, 33, 37, 42]. In
numerous studies, flaxseed consumption was not associated
with improvements in total cholesterol, LDL, non-HDL,
VLDL, or HDL cholesterol, nor in the total cholesterol to
HDL cholesterol ratio, LDL to HDL cholesterol ratio, or
triglyceride levels[3,5,7,13,19,23,24,28,32,36,37,43]. In one
study, flaxseed even resulted in a significant reduction of
HDL cholesterol, indicating a worsening of its levels [26].

In other studies, flaxseed did not lower fasting plasma
glucose or glycated haemoglobin [5, 21, 24, 28, 34, 37, 43].
No significant effect was observed on fasting insulin levels or
insulin resistance [43]. In one study, flaxseed even worsened
(increased) insulin resistance [11]. Flaxseed also did not
improve post-prandial glucose and insulin levels [43].

Furthermore, several studies have reported no effect
of flaxseed on body weight and BMI [8, 10, 22, 30, 33].
Interestingly, one study even reported an increase in
participants’ body weight [24]. The use of flaxseed did not
contribute to a smaller waist circumference or an improved
waist-to-hip ratio [11, 24, 30, 33, 37].

The reason for the markedly different conclusions
drawn in studies on flaxseed may lie in the highly varied
methodologies used. Some studies examined the effects of
ground flaxseed, administered in varying daily amounts, with
different frequencies throughout the day, and over different
durations. In some studies, participants were instructed to
add flaxseed to their meals themselves, while in others, they
were provided with prepared meals containing flaxseed. In
many cases, raw flaxseed was used, whereas in others, it was
baked into products such as biscuits or muffins. In some cases
flaxseed flour was used for baking, while in others whole
seeds. Additionally, some studies investigated the effects of
flaxseed oil, also administered in different daily doses and
for varying durations. The studies also differed in terms of
sample size and participant characteristics - some included
healthy individuals, while others focused on patients with
various health conditions.

In addition to these factors, the genotype of the participants
may also play a significant role. It appears that individuals
with certain alleles respond more favourably to flaxseed
consumption than those with other genetic variations [35, 44].

Generally, flaxseed is economical, palatable and simple to
include in daily meals, and usually satisfactorily tolerated by
patients [5, 28, 38]. However, it may be poorly tolerated by some
patients and can cause side-effects such as gastrointestinal
cramps or excess gas [41, 45].

SUMMARY

In summary, flaxseed can lower both systolic and diastolic
blood pressure, affecting peripheral as well as central
measurements. It also appears to improve the lipid profile by
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reducing total cholesterol, LDL- (including small dense LDL),
VLDL-, and non-HDL cholesterol, as well as triglycerides.
Additionally, it improves the total cholesterol to HDL and
LDL to HDL ratios. Flaxseed consumption may also raise
HDL cholesterol levels. Its positive effects extend to glucose
and insulin metabolism - lowering fasting blood glucose and
glycated haemoglobin levels, reducing insulin resistance,
increasing insulin sensitivity, and improving post-meal blood
sugar control. Including flaxseed in the diet might also help
reduce body weight, BMI, waist and hip circumference, waist-
to-hip ratio, and body fat mass. Furthermore, it may increase
adiponectin levels. These benefits suggest that flaxseed may
represent a valuable component of the daily diet supporting
metabolic and cardiovascular health.

More well-designed, high-quality, large-scale studies
are needed to better understand the impact of flaxseed on
metabolic health and other clinical outcomes.

REFERENCES

1.Parikh M, Maddaford TG, AustriaJA, etal. Dietary Flaxseed as a Strategy
for Improving Human Health. Nutrients. 2019 May 25;11(5):1171.
2.Hodson L, Crowe FL, McLachlan KJ, et al. Effect of supplementation
with flaxseed oil and different doses of fish oil for 2 weeks on plasma
phosphatidylcholine fatty acids in young women. Eur J Clin Nutr. 2018
June;72(6):832-40.
3.Ahmadniay Motlagh H, Aalipanah E, Mazidi M, et al. Effect of flaxseed
consumption on central obesity, serum lipids, and adiponectin level in
overweight or obese women: A randomised controlled clinical trial. Int
J Clin Pract. 2021 Oct;75(10):e14592.
4.Sun],BaiH, MaJ, etal. Effects of flaxseed supplementation on functional
constipation and quality oflife in a Chinese population: A randomized
trial. Asia Pac J Clin Nutr. 2020;29(1):61-7.
5.Soltanian N, Janghorbani M. Effect of flaxseed or psyllium vs.
placebo on management of constipation, weight, glycemia, and lipids:
A randomized trial in constipated patients with type 2 diabetes. Clin
Nutr ESPEN. 2019 Feb;29:41-8.
6.Haidari F, Banaei-Jahromi N, Zakerkish M, et al. The effects of flaxseed
supplementation on metabolic status in women with polycystic ovary
syndrome: a randomized open-labeled controlled clinical trial. Nutr
J. 2020 Jan 24;19(1):8.
7.Mirmasoumi G, Fazilati M, Foroozanfard F, et al. The Effects of Flaxseed
Oil Omega-3 Fatty Acids Supplementation on Metabolic Status of
Patients with Polycystic Ovary Syndrome: A Randomized, Double-
Blind, Placebo-Controlled Trial. Exp Clin Endocrinol Diabetes Off |
Ger Soc Endocrinol Ger Diabetes Assoc. 2018 Apr;126(4):222-8.
8.Khandouzi N, Zahedmehr A, Mohammadzadeh A, et al. Effect of
flaxseed consumption on flow-mediated dilation and inflammatory
biomarkers in patients with coronary artery disease: a randomized
controlled trial. Eur J Clin Nutr. 2019 Feb;73(2):258-65.
9.Morshedzadeh N, Shahrokh S, Chaleshi V, et al. The effects of flaxseed
supplementation on gene expression and inflammation in ulcerative
colitis patients: An open-labelled randomised controlled trial. Int J
Clin Pract. 2021 May;75(5):e14035.
10.Jamilian M, Tabassi Z, Reiner Z, et al. The effects of n-3 fatty acids from
flaxseed oil on genetic and metabolic profiles in patients with gestational
diabetes mellitus: a randomised, double-blind, placebo-controlled trial.
BrJ Nutr. 2020 Apr 14;123(7):792-9.
11.Yari Z, Rahimlou M, Poustchi H, et al. Flaxseed supplementation
improves anthropometric measurements, metabolic, and inflammatory
biomarkers in overweight and obese adults. Int ] Vitam Nutr Res. 2019
Mar 7;92(3-4):161-8.
12.Raygan F, Taghizadeh M, Mirhosseini N, et al. A comparison between
the effects of flaxseed oil and fish oil supplementation on cardiovascular
health in type 2 diabetic patients with coronary heart disease:
A randomized, double-blinded, placebo-controlled trial. Phytother
Res. 2019 July;33(7):1943-51.
13.Khandouzi N, Zahedmehr A, Asadian S, et al. Effects of olive oil and
flaxseed consumption in a healthy diet on endothelial function, plasma
lipids and inflammatory factors of patients with coronary heart disease:
arandomized clinical trial. Coron Artery Dis. 2023 Aug 1;34(5):332-40.

14.Tian Y, Zhou Y, Liao W, et al. Flaxseed powder supplementation in
non-alcoholic fatty liver disease: a randomized controlled clinical trial.
Food Funct. 2025 Feb 17;16(4):1389-406.

15.Yari Z, Cheraghpour M, Alavian SM, et al. The efficacy of flaxseed
and hesperidin on non-alcoholic fatty liver disease: an open-labeled
randomized controlled trial. Eur J Clin Nutr. 2021 Jan;75(1):99-111.

16.Rezaei S, Sasani MR, Akhlaghi M, et al. Flaxseed oil in the context of
a weight loss programme ameliorates fatty liver grade in patients with
non-alcoholic fatty liver disease: a randomised double-blind controlled
trial. Br ] Nutr. 2020 May 14;123(9):994-1002.

17.Jiang X, Wang Y, Tang H, et al. Effect of light fasting diet therapy on
lipid metabolism and sex hormone levels in patients with polycystic
ovary syndrome combined with infertility. Gynecol Endocrinol Off J
Int Soc Gynecol Endocrinol. 2025 Dec;41(1):2458084.

18.Yari Z, Cheraghpour M, Hekmatdoost A. Flaxseed and/or hesperidin
supplementation in metabolic syndrome: an open-labeled randomized
controlled trial. Eur ] Nutr. 2021 Feb;60(1):287-98.

19.Yari Z, Rahimlou M, Poustchi H, et al. Flaxseed Supplementation in
Metabolic Syndrome Management: A Pilot Randomized, Open-labeled,
Controlled Study. Phytother Res PTR. 2016 Aug;30(8):1339-44.

20.Toulabi T, Yarahmadi M, Goudarzi F, et al. Effects of flaxseed on blood
pressure, body mass index, and total cholesterol in hypertensive patients:
A randomized clinical trial. Explore N 'Y N. 2022;18(4):438-45.

21.Akrami A, Nikaein F, Babajafari S, et al. Comparison of the effects of
flaxseed oil and sunflower seed oil consumption on serum glucose,
lipid profile, blood pressure, and lipid peroxidation in patients with
metabolic syndrome. J Clin Lipidol. 2018;12(1):70-7.

22.Morshedzadeh N, Shahrokh S, Aghdaei HA, et al. Effects of flaxseed
and flaxseed oil supplement on serum levels of inflammatory markers,
metabolic parameters and severity of disease in patients with ulcerative
colitis. Complement Ther Med. 2019 Oct;46:36-43.

23.Di Y, Jones J, Mansell K, et al. Influence of Flaxseed Lignan
Supplementation to Older Adults on Biochemical and Functional
Outcome Measures of Inflammation. ] Am Coll Nutr. 2017;36(8):646-53.

24.Machado AM, de Paula H, Cardoso LD, et al. Effects of brown and
golden flaxseed on the lipid profile, glycemia, inflammatory biomarkers,
blood pressure and body composition in overweight adolescents. Nutr
Burbank Los Angel Cty Calif. 2015 Jan;31(1):90-6.

25.Caligiuri SPB, Rodriguez-Leyva D, Aukema HM, et al. Dietary Flaxseed
Reduces Central Aortic Blood Pressure Without Cardiac Involvement
but Through Changes in Plasma Oxylipins. Hypertens Dallas Tex 1979.
2016 Oct;68(4):1031-8.

26.Kawakami Y, Yamanaka-Okumura H, Naniwa-Kuroki Y, et al.
Flaxseed oil intake reduces serum small dense low-density lipoprotein
concentrations in Japanese men: a randomized, double blind, crossover
study. Nutr J. 2015 Apr 21;14:39.

27.Dittrich M, Jahreis G, Bothor K, et al. Benefits of foods supplemented
with vegetable oils rich in a-linolenic, stearidonic or docosahexaenoic
acid in hypertriglyceridemic subjects: a double-blind, randomized,
controlled trail. Eur ] Nutr. 2015 Sept;54(6):881-93.

28.Bongartz U, Hochmann U, Grube B, et al. Flaxseed Mucilage (IQP-
LU-104) Reduces Body Weight in Overweight and Moderately Obese
Individuals in a 12-week, Three-Arm, Double-Blind, Randomized, and
Placebo-Controlled Clinical Study. Obes Facts. 2022;15(3):395-404.

29.Lopez-Toledo S, Pineda De la Cruz MC, Gutiérrez-Hurtado IA, et al.
Flaxseed Improves Glucose and Lipid Metabolism in Mexican Subjects
with Type 2 Diabetes: A Parallel Randomized Clinical Trial. Nutrients.
2025 Feb 17;17(4):709.

30.Edel AL, Rodriguez-Leyva D, Maddaford TG, et al. Dietary flaxseed
independently lowers circulating cholesterol and lowers it beyond
the effects of cholesterol-lowering medications alone in patients with
peripheral artery disease. ] Nutr. 2015 Apr;145(4):749-57.

31.Kanikowska D, Maliniska A, Mickiewicz A, et al. Effect of Flaxseed
(Linum usitatissimum L.) Supplementation on Vascular Endothelial Cell
Morphologyand Function in Patients with Dyslipidaemia-A Preliminary
Observation. Nutrients. 2022 July 13;14(14):2879.

32.Torkan M, Entezari MH, Siavash M. Effect of flaxseed on blood lipid
level in hyperlipidemic patients. Rev Recent Clin Trials. 2015;10(1):61-7.

33.Morshedzadeh N, Rahimlou M, Shahrokh S, et al. The effects of
flaxseed supplementation on metabolic syndrome parameters,
insulin resistance and inflammation in ulcerative colitis patients: An
open-labeled randomized controlled trial. Phytother Res PTR. 2021
July;35(7):3781-91.

34.Sant’Ana CT, Amorim AD de, Gava AP, et al. Brown and golden flaxseed
reduce intestinal permeability and endotoxemia, and improve the lipid
profile in perimenopausal overweight women. Int J Food Sci Nutr. 2022
Sept;73(6):829-40.



Medycyna Srodowiskowa - Environmental Medicine

Med Srodow

Oliwia Bieganska, Grzegorz Przywara, Emilia Biczak, Hanna Barska-Kobylinska, Martyna Byrska, Maja Weimann, Marta Janura. The role of a diet including...

35.Kuang X, LiK, ShiY, etal. Gene-diet interaction in response to defatted
flaxseed flour supplementation on obesity-related traits in Chinese
overweight and obese adults: A randomized controlled trial. Nutr
Burbank Los Angel Cty Calif. 2023 Jan;105:111870.

36. Avelino APA, Oliveira GMM, Ferreira CCD, et al. Additive effect of
linseed oil supplementation on the lipid profiles of older adults. Clin
Interv Aging. 2015;10:1679-85.

37.Kuang X, Kong Y, Hu X, et al. Defatted flaxseed flour improves weight
loss and lipid profile in overweight and obese adults: a randomized
controlled trial. Food Funct. 2020 Sept 23;11(9):8237-47.

38.Moreira FD, Reis CEG, Welker AF, et al. Acute Flaxseed Intake Reduces
Postprandial Glycemia in Subjects with Type 2 Diabetes: A Randomized
Crossover Clinical Trial. Nutrients. 2022 Sept 10;14(18):3736.

39.Repin N, Kay BA, Cui SW, et al. Investigation of mechanisms involved
in postprandial glycemia and insulinemia attenuation with dietary fibre
consumption. Food Funct. 2017 June 1;8(6):2142-54.

40.Vuksan V, Choleva L, Jovanovski E, et al. Comparison of flax
(Linum usitatissimum) and Salba-chia (Salvia hispanica L.) seeds on

postprandial glycemia and satiety in healthy individuals: a randomized,
controlled, crossover study. Eur J Clin Nutr. 2017 Feb;71(2):234-8.

41.Almehmadi A, Lightowler H, Chohan M, et al. The effect of a split
portion of flaxseed on 24-h blood glucose response. Eur ] Nutr. 2021
Apr;60(3):1363-73.

42.Pieters DJ, Zock PL, Fuchs D, et al. Effect of a -linolenic acid on
24-h ambulatory blood pressure in untreated high-normal and stage
I hypertensive subjects. Br ] Nutr. 2019 Jan 28;121(2):155-63.

43.]Joris PJ, Draijer R, Fuchs D, et al. Effect of a-linolenic acid on vascular
function and metabolic risk markers during the fasting and postprandial
phase: A randomized placebo-controlled trial in untreated (pre-)
hypertensive individuals. Clin Nutr Edinb Scotl. 2020 Aug;39(8):2413-9.

44.Barre DE, Mizier-Barre KA, Griscti O. Various apolipoprotein E
genotypes relate to responsiveness to flaxseed lignan complex in
older persons with type 2 diabetes mellitus. Endocr Regul. 2024 Jan
1;58(1):220—4.

45.Lim TL, Pietrofesa RA, Arguiri E, et al. Phase II Trial of Flaxseed to
Prevent Acute Complications After Chemoradiation for Lung Cancer.
J Altern Complement Med N Y N. 2021 Oct;27(10):824-31.



	_Hlk175738905

