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ABSTRACT

BACKGROUND: Flaxseed has rich content of alpha linolenic acid for preventing pro inflammatory process. The aim of present study is
exploring the effect of flaxseed oil supplementation on inflammatory biomarkers and body composition in overweight adults with
pre-diabetes.

MATERIAL AND METHODS: this double-blind randomized clinical trial conducted with 80 overweight pre-diabetic patients in 2 clusters
(flaxseed oil group (2000-mg daily) and control group) across a 14-week period. Anthropometric indices, body composition and inflamma-
tory indices were measured between 2 groups before and after the treatment.

RESULT: this study found a significant decrease in visceral fat level in the intervention group (P=.009) and control group (P=.004) at the
end of the survey. However, the mean change of it (P=.06) was not significant. Also, this study showed that percentage of body fat (P=.31)
and its mean change (P=.6) did not have significantly different between the 2 groups at the 14th week. The skeletal muscle% had a signifi-
cant rise in the intervention group (P=.005) and control group (P=.003) by the end of 14th week. However, the mean change of it (P=.19)
was not significant between the 2 groups. In addition, there was no significant change in the fasting blood glucose (P=. 7), C reactive pro-

tein (P=.12) and TNF-a (P=.22) between the 2 groups at the end of study.

CONCLUSION: It showed that flaxseed oil supplementation cannot improve body composition and inflammation.

KEYWORDS: Diabetes mellitus, inflammation, glucose, body weight, linseed oil, adipose tissue, muscle, skeletal

RECEIVED: December 2, 2021. ACCEPTED: March 1, 2022.
TYPE: Original Research

FUNDING: The author(s) received no financial support for the research, authorship, and/or
publication of this article.

DECLARATION OF CONFLICTING INTERESTS: The author(s) declared no potential
conflicts of interest with respect to the research, authorship, and/or publication of this article.

CORRESPONDING AUTHOR: Salimeh Hajiahmadi, Department of Nutrition, School of public
health, Shahid Sadoughi University of Medical Sciences, Central Administration, Bahonar Sq.,
Yazd, 8916978477, Islamic Republic of Iran. Email: salimeh.hajiahmadi@gmail.com

Introduction

Overweight and obesity are the most important risk factor for
non-communicable diseases (NCDs) particularly diabetes.!
Although in recent decades, there have been a partly down-
wards trend regarding their prevalence especially in developing
countries, modeled estimates have predicted a significant
increase in this epidemic by 2030.2

Genuinely, there is a direct correlation between overweight
and increasing in inflammatory factors, adipokines in particu-
lar which plays a crucial role in causing metabolic disorders
such as diabetes.*

Recent outcomes emphasis that modest changes in life style
and dietary intake can lead to delay the outset these complica-
tions specifically for people with prediabetes.

Consumption of products containing high omega-3 fatty
acids is considered as an effective way in this regard due to their
anti-inflammatory properties. Proposed mechanisms include

regulating adipokine, such as adiponectin and leptin; alleviat-
ing adipose tissue inflammation and promoting adipogenesis.®
Flaxseed oil as a rich source of omega-3 provides high content
of the a-linolenic acid (ALA) which might contribute to a sig-
nificant extent to reduce inflammation.” This source of ALA
has potential health benefits, such as anti-chemotactic, anti-
inflammatory, anti-atherosclerotic, and antioxidant.®

The systematic review and meta- analysis represented the
effectiveness of flaxseed and its products on the improvement
of inflammatory markers in various groups, however, results
emphasized on the lack of sufficient evidence in prediabetes
individuals.’

The systematic review to evaluate the anti- inflammatory
effects of flaxseed did not find sufficient proof in terms of
effectiveness of flaxseed on diminishing C-reactive protein. All
the same, it seems that this supplement can ameliorate this
index in obese populations.1?

@ @@ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial
4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without
further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://uk.sagepub.com/en-gb/journals-permissions
mailto:salimeh.hajiahmadi@gmail.com

Nutrition and Metabolic Insights

The systematic review in 2019 declared that flaxseed prod-
ucts can decrease circulating concentration of HS — C- reactive
protein and tumor necrosis factor alpha (TNFa), but it is not
able to alter C-reactive protein and Interleukin 6 (IL6).M
Regarding to lack of data in prediabetes individuals, its results
could not be generalized to all prediabetes. Nevertheless, inves-
tigations on obese men and women with prediabetes show that
daily ground flaxseed consumption had no significant effect on
sensitivity C-reactive protein, adiponectin, and high-sensitivity
interleukin-6.5

Systematic analyses of RCTs showed that flaxseed is a good
option for improving body composition and weight manage-
ment especially in overweight and obese groups, however, it
emphasizes that more research is needed to prove these results.!?
The systematic review and meta- analysis aimed to evaluate the
effectiveness of herbal medicine in obesity and metabolic syn-
drome managements demonstrates that flaxseed can reduce
appetite, but its anti- obesity effects is still controversial.!3

Although these researches have strongly supported the effi-
ciency of flaxseed consumption in enhancing inflammation
and body composition, there is nothing in the way of accurate
findings regarding this influence in overweight prediabetes
patients. So the aim of present study is evaluating the effect of
flaxseed oil on body composition and inflammatory indices in
overweight adults with pre-diabetes.

Methods
Trial design

This study was a randomized double-blind placebo-controlled
clinical trial registered in the Iranian registry of clinical trials
(www.irct.ir: IRCT20120913010826N27). In the current study,
overweight individuals with impaired fasting glucose(IFG)™
(fasting blood glucose 100-125mg/dl) and BMI 25-29.9 were
included. Exclusion criteria were as follows: receiving hypoglyce-
mic oral medications or insulin, acute and chronic disease apart
from glucose tolerance disorder, any sensitivity to flaxseed oil,
history of smoking, extreme activity or special diet (more than
150 minutes of aerobic activity with a moderate intensity per
week or 75 minutes of aerobic activity with heavy intensity per
week, eliminating one or more than 1 group of foods from their
routine diet, amenorrhea, taking anti-inflammatory medications
(steroidal and non-steroidal anti-inflammatory drugs); consum-
ing flaxseed, flax oil, or fish oil supplement (once or several times
a week constantly), consuming fish by over 340g per week, and
using soybean once or several times a week routinely.!®

The procedures followed in this study were according to the
Helsinki Declaration. Among 323 overweight patients without
history of diabetes aged 30-48 years old (referred to Isfahan car-
diovascular research center, Isfahan, Iran, between January and
May 2016), only 80 people were included. All participants were
informed about protocol of the study. Written informed consent
was obtained from all subjects prior to the intervention.

Study design

Participants were allocated to the two treatment arms to receive
flaxseed oil supplement (2000-mg, Barij Essence Co., Kashan,
batch number 226016) or placebo containing oral paraffin
(2000-mg paraffin) twice a day for 14 weeks. Flaxseed oil sup-
plements and placebos capsules were similar in shape and size
and manufactured by Barij Essence (Kashan, Iran).

Randomization assignment was performed using randomly
computer-generated numbers by a third party in the research
group. All participants (patients, healthcare providers, data col-
lectors, and outcome assessors) were blinded by unawareness of
the groups.

To assess compliance, the remaining supplements were
counted and subtracted from the amount of supplements pro-
vided to the subjects. To increase compliance, the drug quota
of the individuals was delivered as 2 weeks to the participants,
and after this period, they were contacted and invited to
receive the next quota. The individuals who did not follow the
study protocol were excluded.

Assessment of anthropometric measures

Weight and body composition was measured in the fasting
state with bare feet and minimal clothing by scale and Omron
body composition monitor. Calculating body composition in
Omron’s algorithm is based on the Bioelectrical Impedance
Method as well as height, weight, age, and gender.

The height was measured with bare feet on the nearest
0.5 centimeter (cm) using a height Seca wall stadiometer while
4 parts of the body being attached against the wall. The method
of calculating BMI was dividing weight by height squared in

meters.

Lifestyle assessment

The three-day food records and International Physical Activity
Questionnaire® were completed to detect the energy, macro-
and micronutrient intake and level of physical activity at the
beginning of the study along with the 7th and 14th weeks.
Furthermore, participants were requested not to change their
ordinary physical activity, diet, drug regimens, and lifestyle and
not to take any nutritional supplements during the treatment.

Biochemical assessment

At baseline and end of the intervention, after 10 to 12 hours of
fasting 5ml of blood sample was taken from all participants.
Serum samples were disjoined from the whole blood by cen-
trifugation at 2606.8Xg for 10 minutes and were stored at
—80°C before analysis. The fasting venous blood samples
were assembled in ethylenediaminetetraacetic acid-treated
vacutainers to evaluate fasting blood glucose and inflamma-
tory indices.
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Colorimetric enzymatic kit (Pars Azmoon Co.) was used
for measuring fasting blood glucose concentration. TNF-o was
also measured using ELISA method by Orgenium kit. In addi-
tion, hs-CRP concentration was determined by means of
ELISA (via Hitachi911 chemistry and immunoassay(Sentinel)
analysis).

Statistical analysis

Data with normal distribution were reported by means (+SD)
and data with abnormal distribution were reported by medians
(=IR). To investigate normal distribution of the variables,
Shapiro-Wilk and Kolmogorov-Smirnov tests were applied.
Independent sample t-test and Mann-Whitney were used to
examine the dietary intake and participant characteristic varia-
tion between 2 groups. Differences in the beginning and end of
the study in each group were evaluated by paired t-test or
Wilcoxon.

Repeated measures analysis of variance (ANOVA) was done
for evaluating statistical significance and time and type of
intervention as the factors.

For assessing the correlation between dietary intake and
time and intervention multivariate analysis was performed.
P=<.05 was considered as statistically significant. Statistical
analysis was performed by SPSS 22 (IBM Company, Armonk,
NY, USA). Furthermore, Nutrition 4 software was employed to
analyze the data of the three-day registration of food.

Through continuous data sample size determinations, a
sample size of 35 participants was necessary to provide a power
of 80% to detect a minimum 1 mg/l decrease in CRP with a
standard deviation of 1.5 at 95% confidence.>'” Hence, a pre-
liminary number of 40 number per group was enrolled to sup-
ply sufficient numbers to identify differences by repeated
measurement analysis of variance and allow for a 13% dropout
rate in each group over the course of the study.

Result

Forty participants in control group and 40 participants in
intervention group were enrolled. During the follow up, 4 par-
ticipants in control group and 8 participants in intervention
group were failed (Figure 1). In both groups the overall com-
pliance was about 90%. So, statistical analysis was conducted
with 32 participants as treatment group and 36 participants as
control. Sixty-eight individuals completed the study (32 in
intervention group & 36 in control group).

There were no statistically significant differences in BMI
(28.07 = 1.55kg/m?) and age (44.92 * 10.97 years) of partici-
pants before treatment between intervention and control group.
No significant differences were found in other variables at
baseline (Tables 1 and 2).

Comparison of the mean value of body composition and
inflammatory indices has been shown in Table 3.

At the end of this survey, Weight (P=.97) and body mass
index (P=.73) were not significantly changed between groups.
Furthermore, their mean changes were not also significant at
the end of study (P=.97 for weight and P=.78 for BMI).

In addition, analysis showed that mean changes of C reactive
protein (P=.12) and fasting blood glucose (P=. 55) were not
significant at the end of the treatment. At the end of 14th week,
averages of the very factors (P=.7 for FBG and P=.12 CRP)
were also insignificant. When it comes to TNF-a,, although this
index was significantly unchanged in control group (P=.02) at
the 14th week, the mean change of it (P=.14) was not signifi-
cant at the end of study. Moreover, results show that the per-
centage of body fat was not significantly altered between 2
groups (P=.31) at the end of 14th week. The mean change of
body fat% (P=.6) was not also significant between the 2 groups.

The skeletal muscle% had a significant rise in the interven-
tion group (P=.005) and control group (P=.003) by the end of
14% week. However, there was nothing in the way of significant
different between 2 groups (P=0.12) at the end of study. In
addition, the mean change of it (P=.19) was not significant
between the 2 groups.

The data indicated a significant decrease in Visceral fat level
in the intervention group (P=.009) and control group (P=.004)
by the end of the 14th week. However, the mean changes of
this index (P=.06) was not significant between the 2 group.

Discussion

To the best of our knowledge, no study has reported the effect
of flaxseed oil supplement on inflammatory biomarkers and
body composition in pre-diabetic overweight people. So, we
examined the effect of flaxseed oil on these indices during
fourteen weeks. Flaxseed oil has significant amount of ®-
3/®-6 fatty acids. Investigations have declared that consum-
ing the minimum of 2 gr flaxseed oil for at least 12 weeks is
sufficient to obtain the greatest increase in RBC n—3 FA con-
tent and other tissue which can lead to effective conversion
alpha linolenic acid.’®” Hence, effectiveness of this dose have
been evaluated over this study. Our study declared that flax-
seed oil consumption over 14-week period cannot improve
inflammation and body composition in overweight prediabe-
tes people.

One study showed that daily consumption of 40 grams of
ground flaxseed in people with insulin resistance during 12
weeks does not show changes in CRP, interleukin 6 and TNFa
levels.?0 Study in pre-diabetic obese or overweight people also
showed that intaking ground flaxseed in various amounts (13 g
and 26 g) did not affect on inflammatory markers such as CRP,
interleukin-6 and adiponectin.’ In regard to our study,
Consumption of 2 g/day of flaxseed oil for 12 weeks in healthy
individuals also had no effect on CRP and TNFa levels.2!
Results from a study by Coblij et al?? on 62 healthy individuals
who consumed 3.6g of flaxseed oil per day for 12weeks also
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Individual evaluated for eligibility (n=323)

Visit 1: medical history, 3- day food record, physical activity, blood test,

demographic questionnaire

[ Enrollment ]

Randomized (n=80)

Excluded (n=243)
Not meeting inclusion criteria (n=123 )
# 78 subjects: had BMI more than 30 kg/m?
445 subjects: had FBS more than 126 mg /dl
Declined to participate (n=18 )
102 subjects had exclusion criteria:
4 32 subjects took diabetic medicine
4 17 subjects had smoking history.
4 21 subjects had acute chronic diseases.
4 9 subjects had regular consumption of flaxseed.
423 subjects had a menstrual cycle for at least 6 months.

Allocated to control group (n=40)

Received allocated intervention (n=40)

14-week intervention

Meeting with the dietitian
every 2-weeks,

Food record& PA
questionnaire collection at
week 0,7,14

Allocated to intervention group (n=40)

Receivedflaxseed oil supplement (n=40)

[ Follow-Up

~—
<
<

Lost to follow-up (initiation of glucose-lowering medication)

(n=1)

Discontinued intervention (gastrointestinal discomfort) (n= 3)

Discontinued intervention (unknown reason) (n= 8)

[ Analysis

N

A 4

Analysed (n=36)
Excluded from analysis( n=0)

Analysed (n=32)
Excluded from analysis( n=0)

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) flow diagram.

showed that taking this supplement did not change the levels
of CRP and TNFa in these people. Similarly, results of the
present study illustrated that there were no significant changes
in inflammatory indices between the 2 groups by the end of the
14th week. Surprisingly, the level of TNFa in control group
was significantly unchanged at the end of study. As long as the
mean change of this index between 2 groups was not signifi-
cant at 14™ week, this stability may be due to differences in
initial levels of RBC n—3 FA content between 2 groups.

In contrast, the investigation on a diabetic rat model declared
that flaxseed oil consumption assisted to improve inflammatory
indices especially TNFa and IL-6. Furthermore, outcomes
demonstrate that flaxseed plays a crucial role in reducing oxida-
tive stress in individuals with T2D,** hemodialysis groups with

lipid abnormalities® and people with ulcerative colitis.?
Actually, it seems that flaxseed shows better anti- inflammatory
effects in people with high levels of inflammation. It is impor-
tant to conduct more researches to accept this point.

The study on overweight women, who consumed ground
flaxseed, emphasized that this supplement cannot improve
body composition and insulin- related indices.?” Additionally,
the investigation on hypercholesteremic subjects with over-
weight also showed that flaxseed oil cannot significantly mod-
ulate energy expenditure and body composition.?

Other studies on overweight adolescences,?® old adults
with overweight?® did not also support the effectiveness of
flaxseed on improving body composition. In fact, these out-
comes are consistent with the current survey. However, the
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Table 1. Baseline characteristics of individuals in the two groups.

INTERVENTION GROUP (N=32)

CONTROL GROUP (N=36)

VARIABLE
MEAN=+ SD

Sex (%, n) Female

Male
Physical activity (%) Light

Average

Intensive
Age (years) 45.37 =12.47
Height (m) 1.67+0.08
Weight (Kg) 78.80 +8.91
BMI (kg/m2 28.32 +3.45*
FBS (mg/dl) 100 = 3.5*
Hs-crp ( mg/l) 1.03+1.92*
TNFa (pg/ml) 1.55+2.26
body fat (%) 34.1+9.23
Skeletal muscle (%) 28.89+5.97
Visceral fat level 14.26 +4.95

Values are the means + SD.
*Median * Interquartile range.

PERCENTAGE MEAN = SD PERCENTAGE
21.9(n=7) 83.3(n=30)
78.1(n=25) 16. 7(n=6)
25(n=8) 13.9(n=5)
68.8(n=22) 83.3(n=30)
6.3(n=2) 2.8(n=1)

44.37+9.71

1.67+0.07

78.63+7.79

28.23 = 2.53*

100+ 7*

1.20+1.17*

2.06+1.57

34.1+9.51

29.4+6.72

12+4.39

P values were obtained using chi- square for categorical variables (independent sample t test for normal values and Mann—Whitney for non-normal values).

P values =.05 are shown in bold.

systematic review in relation to evaluating the effect of flax-
seed supplement on body composition delineates that flax-
seed has positive effects on body composition in individuals
with BMI of = 30.1? Besides, consuming flaxseed oil in obese
individuals with non-alcoholic fatty liver disease led to reduc-
tion in body fat.3% It assumed that higher BMI has a potent
moderating impact on effectiveness of this supplement
regarding body composition. Surprisingly, in this study we
observed a significant decrease in visceral fat level as well as
skeletal muscle in each group at 14th week. As far as the mean
changes for these variations were no significant at the end of
study, these improvements may be due to the optimal level of
demographic indicators in the study population that followed
a healthy lifestyle.

Machado AM and colleagues compared the effects of brown
and golden flaxseeds on body weight and BMI in overweight
adolescents. This study found that brown and golden flaxseed
did not significantly affect these indices.3! Moreover, Saleh-
ghadimi and colleagues showed that supplementation with
flaxseed oil did not have a statistically significant effect on
anthropometric indices include weight, body mass index, hip
circumference and waist circumference.?? Additionally, other

study on overweight hypercholesterolemia individuals ruled
out the effectiveness of flaxseed oil on reducing body weight
and BMI.28 These results support our conclusions.

The investigation on overweight and obese adults disclosed
that whole flaxseed can considerably decrease body weight.3 A
meta-analysis of 45 RCTs suggested a significant reduction in
body weight, BMI and waist circumference after treatment
with whole flaxseed. Subgroup analyses showed that using
whole flaxseed in doses =30 g d-! and =12 weeks’ duration of
intervention, especially in participants with higher BMI (= 27
kg m-2) had positive effects on body composition. So, whole
flaxseed is a good choice for weight management especially in
overweight and obese participants.!? Indeed, further investiga-
tions are essential to evaluate the effect of various source of

flaxseed on groups with different BMI ranges.

Strengths and limitations

RCT design, acceptable sample size and duration of present study
are major strengths of the study. Also, restriction of participants
by exclusion criteria for controlling the potential confounders
such as hypoglycemic situation and anti-inflammatory drug
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Table 2. Dietary intakes of study participants throughout the study.

VARIABLE INTERVENTION CONTROL GROUP

(N=36)

GROUP (N=32)

Energy( kcal)

2409.34 =408.79 2360.48 +404.89

Carbohydrate (9)  307.20 + 68.42* 310.80 + 59.20*
Carbohydrate (%)  49.69+6.26 51.43+4.84
Protein (g) 86.70 + 34.64* 90.62 +27.48*
Protein (%) 15.44 +2 61 1511 +1.96

Fat (9) 106.65 * 19.86* 93.75 + 36.28*
Fat (%) 36.66 * 6.65 35.18 +5.36
Saturated fat (g)  20.97 +10.58* 20.32 +5.97*
Linoleic acid (g) 38.41 +27.99* 35.10 +27.01*
EPA(9) 0+0.01* 0.007 +0.01*
DHA(9) 0+0.01* 0.14+0.01*
Linolenic acid (g) 68 +0.28* 0.61+0.24*

Data presented as means =+ SD. (n=68 for all dietary intake values presented).
*Median * Interquartile range.

P values were obtained using chi- square for categorical variables (independent
sample t test for normal values and Mann-Whitney for non-normal values).

P values < .05 are shown in bold.

usage was another strengths of study. In addition, in present study
dietary intake and physical activity was evaluated. Unfortunately,
RBC n-3 FA content, blood insulin levels and insulin resistance
was not measured in this study.

In the previous study,!® which was conducted by our group,
inflammatory indices underwent a significant increase in the
control group at the end of study. Hence, we took it for granted
that flaxseed oil might have disclosed effectiveness on the very
factors on condition that the number of participants had been
increased. As a result, two-fold increase in the sample size
should be regarded as the prominent differentiation point in
the recent study. Moreover, anthropometric indices were also
being investigated along with the very factors.

For future, we recommend researchers to separate lignin
from your seed in order to observe the effect of lignin and
omega-3 separately on inflammatory markers in pre-diabetic
individuals. Also, more studies are needed to look at the possi-
ble effects of this supplement on people with high inflamma-
tory index and various BMI range. It is suggested that in the
tuture, studies with larger sample sizes, different doses of flax-
seed oil and longer intervention time be performed.

Conclusion

Our study declared that flaxseed oil consumption cannot
improve inflammation and body composition in overweight
prediabetes people.

Table 3. Mean of body composition and biomarkers of inflammation
at the baseline and after 14 weeks of flaxseed oil supplementation in
overweight pre-diabetes patients.

VARIABLE INTERVENTION  CONTROL
GROUP(N=32)  GROUP(N=36)
MEAN =+ SD MEAN =+ SD
Weight(kg) ~ baseline 78.63+7.79 78.90 + 8.91
Week14 78.90+7.90 78.97 = 8.91
BMi(kg/m?)  Mean changes .06+ 1.68 0.07+1.53
baseline 28.23+253*  28.32+3.45
Week14 28.17 +1.58 28.04 = 1.71
Mean changes (.05 +0.58 0.01 +0.56
FBS(mg/dl)  baseline 100.00 = 7* 100.00+3.5*
Week14 103.00+23.25*  107.50 + 15.75*
Mean changes {50 +23.63* 2.50 + 16.76*
TIIIF-a(pg/ baseline 2.01+1.65* 1.55+2.26*
™ Week14 2.01+1.55* 1.55+2.03*
Mean changes .04 +0.32* 0.01+0.32*
Hs- baseline 1.20+117* 1.03+1.92*
Crp(mg/l)
Week14 1.39 +1.98* 0.76 +1.53*
Mean changes (.19 + 1.68* -0.6=1.21*
body fat(%) baseline 341 +9.51 341+9.23
Week14 32+11.6 28.42+9.55
Mean changes _362+1221  -3.27+14.31
Skeletal baseline 29.4+6.72 28.89 +5.97
muscle(%)
Week14 30.73 +7.21 32.77 +5.42
Mean changes {1.5+4.4* 2+5*
Visceral fat  baseline 12+4.39 14.26 +4.95
level
Week14 10+ 7* 10 + 6*
Mean changes (+3* -2+8*

Abbreviations: SD, Standard deviation. * Median *Interquartile range.

P values were obtained using chi- square for categorical variables (independent
sample t test for normal values and Mann-Whitney for non-normal values, for
Within group difference (Paired t-test for normal values and Wilcoxon signed-
rank test for non-normal values). P values < .05 are shown in bold.
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