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Abstract

Background: Herbal supplementation with moderate- and high-intensity aerobic exercise affects obesity-related factors, especially
the lipid profile and inflammatory markers.
Objectives: The present study was conducted to determine the effect of endurance training with strawberry extract supplementa-
tion on inflammatory markers and the lipid profile in healthy inactive women.
Methods: The subjects included inactive women aged 20 - 30 years, who were randomly divided into two groups: (a) The endurance
exercise + supplementation group (n = 12) and (b) The endurance exercise + placebo group (n = 12). The supplementation group
received 100-mg strawberry extract supplement twice per day for two weeks. After the supplementation, the exercise protocol was
carried out, which included a session of endurance exercise within 75% - 80% of the maximum heart rate on the treadmill for 30
minutes. Blood samples were taken before and after the intervention to determine the lipid profile and plasma fibrinogen concen-
tration. Data were analyzed using the repeated-measures ANOVA.
Results: The results showed a significant reduction in TC, TG and LDL-C and a significant increase in HDL-C after the supplementa-
tion, but no significant changes were observed in the placebo group. Fibrinogen concentrations decreased significantly following
the supplementation. Meanwhile, no significant increase was observed in the groups after the endurance exercise (P ≤ 0.05).
Conclusions: According to the results obtained and the benefits of dried strawberry powder on cardiovascular risk factor control,
supplementation following exercise training are recommended for improving the physiological function of inactive people who
are prone to dyslipidemia and inflammation.
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1. Background

Cardiovascular diseases are currently one of the major
causes of mortality in the world. Considering the relation-
ship of serum lipids and inflammation with heart attack,
the regulation of blood lipid and inflammation is a signif-
icant factor contributing to health (1).

Physical activity helps reduce body fat and positively af-
fects blood lipids. The absence of a proper diet, especially
one rich in natural fruits, can be a factor associated with
cardiovascular diseases, lipid disorders and inflammation.
Strawberry reduces oxidative and inflammatory markers
and blood pressure (2, 3) and increases the HDL content
to high potassium content and neutralizes the effect of
sodium (4). The anthocyanin, quercetin antioxidant, fiber
and vitamins present in fruits, especially in strawberries,

can help control and prevent these and any related dis-
eases (5).

Limited studies have examined the effects of exercise
and strawberry supplementation on physiological vari-
ables. O’Doherty et al. investigated the effects of acute
interval exercise and strawberry intake on postprandial
lipemia (6). Acute, submaximal, high-intensity interval
cycling appears to be effective in reducing postprandial
lipemia in overweight/obese adult males. Strawberry in-
gestion, however, did not improve postprandial TAG.

2. Objectives

Given the positive role of strawberries in the preven-
tion of inflammation and cardiovascular diseases, the
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growing tendency of people toward herbal food supple-
ments along with physical activity, the association of in-
flammatory markers and lipid profile with endurance ex-
ercise and supplements and the absence of comprehen-
sive studies in this field, conducting more extensive stud-
ies on the effect of physical activity and the consumption
of strawberries on obesity and its related factors, especially
the lipid profile and inflammatory markers, appears essen-
tial. The present study was carried out to investigate the
effect of endurance exercise along with strawberry extract
on inflammatory markers and the lipid profile in over-
weight and inactive young women.

3. Methods

The study was approved by the Human Subjects Com-
mittee of Kurdistan University of Medical Sciences, Sanan-
daj, Iran, in 2019. After submitting their informed con-
tent, 24 untrained young female university students with
a mean age of 23.92 ± 2.8 years and BMI of 26.52 ± 0.98
kg/m2 randomly volunteered to participate in the study.
The exclusion criteria consisted of the following: Recent
fractures, uncontrolled hypertension, cardiovascular dis-
eases, smoking, corticoid therapy, hormone abnormali-
ties, drug history and the lack of regular resistance exer-
cise. The subjects were divided into experimental and con-
trol groups using simple random sampling, were homog-
enized based on certain anthropometric indices and re-
ceived either strawberry extract supplements or placebo.

On the day of the test, the subjects started warming up
by exercise and stretching for 10 minutes. They then per-
formed endurance exercise on a treadmill for 30 minutes
within 60% - 70% of the maximum heart rate. They then
took 10 minutes to cool down (Table 1) (6).

Table 1. The Training Protocol

Variable First Step Second Step

Training duration, min 15 15

Training intensity 60% HRmax 70% HRmax

Maximum heart rate 118 - 120 137 - 140

As for the consumption of the supplements and
placebo, first, the strawberries were dried by a nutrition-
ist using the freeze-drying technique. The extract was then
placed in 25-g oral capsules and the capsules were given to
the experimental group twice a day for 14 days (7). The con-
trol group received placebo capsules that looked similar to
the capsules given to the experimental group.

Ten-mL fasting blood samples were taken from the
subjects in three steps (baseline, pre-test and post-test)

in the morning. After the baseline anthropometric mea-
surements and blood-sampling, the experimental and con-
trol groups were administered either the supplement or
the placebo. At the end of the 14-day period, blood sam-
ples were taken again similar to the method used at base-
line. The next day, both groups performed endurance ex-
ercise, and their blood samples were re-taken as the post-
test in similar temporal and thermal conditions. The blood
samples were centrifuged in EDTA tubes. The plasma clot
was removed, poured into a microtube and placed in the
freezer at 70°C. The lipid profile was measured by enzy-
matic staining using Pars Azmoon kits. Fibrinogen was
quantified by the Clauss test using ACL kit.

The Shapiro-Wilk test was used to determine the nor-
mality of the data and Levene’s test was used to assess
the homogeneity of the variances. The repeated-measures
ANOVA (2 × 3) was used to analyze the data. Bonferroni’s
post-hoc test was also applied to determine the exact loca-
tion of mean differences. All the statistical analyses were
performed in SPSS-22. P≤0.05 was considered statistically
significant.

4. Results

Table 2 presents the descriptive and physiological char-
acteristics of the study subjects in the different stages
along with their changes.

As shown in Table 3, significant changes were observed
in the lipid profile (cholesterol, triglyceride and HDL-C)
and fibrinogen level of the participants in different stages
of the study (baseline, pre-test, and post-test).

5. Discussion

The results showed that fibrinogen concentration re-
duced in the supplement plus endurance exercise group
in the pre-test compared to the baseline and increased
non-significantly in the post-test after one session of en-
durance exercise, which is in line with the results obtained
by Habibian and Bakhtiar (8), Hejazi et al. (9) and Ah-
madizad and El-Sayed (10) and in contrast with the find-
ings of Yadegari et al. (11) and Marefati and Nabi Pour (12).
The present findings also showed an increase in fibrinogen
concentration in inactive women immediately after en-
durance exercise. A great part of this disparity in findings
can be attributed to the acute or chronic state of the exer-
cise protocol and the alterations of plasma volume. Since
the participants of the present study were controlled for
age, gender and health status, the increase in fibrinogen
concentration in the experimental group might be due to
the physical exercise, increased central temperature, per-
spiration and hemoconcentration (10).
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Table 2. Mean ± SD of the Physiological Characteristics of the Different Groups

Variable Supplement + Endurance Exercise Placebo + Endurance Exercise

Age 23.25 ± 3.05 23.42 ± 2.87

Height, cm 162.42 ± 3.73 165.75 ± 4.69

Weight, kg

Pre-test 70.75 ± 4.81 72.25 ± 5.01

Post-test 70.17 ± 4.67 72.52 ± 5.2

BMI, kg/m2

Pre-test 26.82 ± 0.99 26.26 ± 0.73

Post-test 26.57 ± 1.04 26.36 ± 0.78

Body fat percentage

Pre-test 28.73 ± 2.25 28.4 ± 2.31

Post-test 27.87 ± 2.2 28.38 ± 2.3

Maximum heart rate 188.83 ± 2.25 188.67 ± 2.15

Table 3. The Changes in the Lipid Profile and Fibrinogen Level of the Participants in the Different Stages

Variable/Group Baseline Pre-Test Post-Test F P Value

CL, Ng/mL 9.249 0.018

Supplement + endurance exercise 179.33a 164.75b 159.33c

Placebo + endurance exercise 185.5 185.92 181.94

TG, Ng/mL 4.136 0.044

Supplement + endurance exercise 152.75 147.25 145.08c

Placebo + endurance exercise 153.08 155.17 152.67

LDL-C, Ng/mL 2.116 0.265

Supplement + endurance exercise 69.83 68 66.92

Placebo + endurance exercise 67.75 67.5 65.94

HDL-C, Ng/mL 5.11 0.038

Supplement + endurance exercise 40.83 41.67 43.17c

Placebo + endurance exercise 41.08 41.33 42.25

Fibrinogen, mg/dL 7.055 0.021

Supplement + endurance exercise 297.83 281.5b 283.92c

Placebo + endurance exercise 285.85 287.67b 301.58c

aSignificant difference between the baseline and pre-test.
bSignificant difference between the pre-test and post-test.
cSignificant difference between the baseline and post-test.

Researchers believe that high-intensity exercise in-
creases free radicals and fibrinogen concentration and ac-
celerates the aging process, which may have enhanced fib-
rinogen concentration after activity and decreased it af-
ter the consumption of the supplement in the present
study, because a single session of acute exercise may im-
pair immune system responses and increase the individ-
ual’s vulnerability and acute and chronic inflammation (13,
14). Other studies on the subject have also reported alter-

ations in fibrinogen concentration, the blood lipid profile,
lipid percentage and body weight (4, 7), which were also
observed in the present study.

The results of this study showed a reduction in fibrino-
gen concentration after the consumption of the supple-
ment, which is in agreement with the findings of Sesso
et al. (15). Zunino et al., however, reported that straw-
berry powder supplementation for three weeks affected
the inflammatory markers significantly in their 20 over-
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weight subjects (4). Basu et al. reported no significant
changes in serum fibrinogen concentration in their straw-
berry supplementation group (16). In general, the effects
of strawberry supplementation and its byproducts on the
reduction of fibrinogen in the present study can poten-
tially be attributed to the increased total antioxidant ac-
tivity. Strawberry can increase serum total antioxidant ca-
pacity by increasing intracellular antioxidants such as glu-
tathione, bilirubin and uric acid and enhancing the expres-
sion of intracellular antioxidant enzymes such as superox-
ide dismutase, catalase, and glutathione peroxidase (17).

As discussed, this mechanism can be a reason for the
significant reduction in fibrinogen concentration after
strawberry supplementation in the present study. These
contradictory results may be associated with participants’
age and sickness, since the sicker and older are them, the
less is their antioxidant capacity. Nonetheless, since the
participants of the present research were young and over-
weight (8, 9), its results show the need for more evidence
about the anti-inflammatory effects of strawberry.

Based on the review of literature, the present study is
the first clinical trial on the effect of strawberry powder ob-
tained by freeze-drying along with endurance activity on
the lipid profile of inactive overweight women.

The consumption of strawberry powder for 14 days de-
creased the total cholesterol, triglyceride, atherogenic in-
dex and TC/HDL significantly, but did not reduce serum LDL
significantly (6). In another study, strawberry supplemen-
tation for four and eight weeks decreased the total choles-
terol and LDL levels significantly in overweight people with
the metabolic syndrome (18).

In the present study, the participants were overweight,
and since overweight and inactive people may suffer
from dyslipidemia due to their disturbed metabolism,
metabolic disorders are likely to affect the metabolism of
lipids in these people. The reduced activity of lipoprotein
lipase in such people is followed by a decline in triglyceride
removal and low plasma HDL cholesterol levels. Another
potential mechanism could be the high antioxidant con-
tent of strawberry, including polyphenols and vitamin C
(19).

The present findings regarding physical activity and
lipid markers are in agreement with the results obtained
in several other studies (20-22). Weight, gender, diet and
exercise protocol appear to be important factors in the re-
action of HDL to exercise. The exact mechanism of effect of
HDL is still unknown, but peripheral tissues and the liver
have been suggested to play a role, as an increased HDL
may be due to a rise in LPL activity through the hydrolysis
of plasma triglyceride and lecithin cholesterol acyltrans-
ferase (LCAT) and the reduced activity of hepatic lipase and
cholesteryl ester transfer protein (CETP), which is responsi-

ble for ester cholesterol transfer to HDL (23, 24).
As for LDL and total cholesterol, aerobic exercise has

been shown to be associated with a decline in TC and LDL.
As for TG, the results of most studies, including the one by
Nash et al. (25), were in line with the present findings, and
few studies had disparate results, such as those by Sung et
al. (26) and Behall et al. (27). A potentially important mech-
anism could be the increased activity of LPL, which releases
fatty acids degraded from the TG of adipose and muscle tis-
sues, increases the catabolism of TG and lipoproteins rich
in triglyceride and facilitates TG removal from the blood
stream.

5.1. Conclusions

Overall, it can be concluded that strawberry supple-
mentation together with endurance exercise decreases
total cholesterol and triglyceride significantly and reduces
LDL non-significantly in inactive overweight women.
Nonetheless, serum HDL-C increased significantly in the
subjects. In this study, strawberry supplementation in
inactive overweight women led to a significant decrease
in the serum concentration of fibrinogen, although an
increase was observed after one session of endurance
activity. The findings also showed that short-term sup-
plementation with strawberry extract might prevent
unfavorable changes in oxidative and inflammatory mark-
ers following aerobic exercise by promoting the serum
total antioxidant capacity at baseline.
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