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Abstract

Background: The increasing rate of mortality due to cardiovascular disease has been reported in people with low physical activity
worldwide.
Objectives: The purpose of the present study was to investigate the effect of spirulina supplementation and combined aerobic-
strength training on serum homocysteine of inactive females.
Methods: It was a semi experimental study with pre and post-test design. The subjects consisted of 37 sedentary women who partic-
ipated voluntarily in the study and were randomly divided into supplement; training and supplement+training groups. Measuring
the study variables including serum homocysteine and anthropometry variables were done in pre-test and posttest phases. The data
were analyzed using paired t test and ANOVA.
Results: The results suggested that spirulina supplementation and combined aerobic-strength training had a positive influence on
serum homocysteine levels in sedentary women (P = 0.003, P = 0.04 respectively) with a greater influence by the combined effect of
exercise and supplement (P = 0.001).
Conclusions: The results indicate that homocysteine as an independent cardiovascular disease risk factor in sedentary women can
be modified by spirulina and combined strength and aerobic exercise.
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1. Background

The increasing rate of mortality due to cardiovascu-
lar disease has been reported in sedentary people world-
wide (1, 2). In this regard, increased levels of homocys-
teine has been recognized as a risk factor for heart dis-
ease especially atherosclerosis. There are several studies
reporting the association between cardiovascular morbid-
ity, mortality and high homocysteine levels (3, 4). Consid-
ering the increased tendency to use supplements and pre-
ventive strategies such as exercise therapy to prevent car-
diovascular disease, this has always been a concern for re-
searchers. There is some evidence showing the positive ef-
fect of folic acid and vitamin B12 in decreasing the levels
of homocysteine (5, 6). Research evidence suggests that
aerobic exercise reduces cardiovascular disease by reduc-
ing LDL, cholesterol, triglyceride and improving HDL (7, 8).
Along with the exercise therapy, the use of nutrient supple-
ments has been extensively increased with the intention of
health management. According to medical research, spir-

ulina (rich in folate and B12) as a nutrient supplement has
been widely consumed by humans for centuries to treat
many health problems such as anemia, diabetes and can-
cer (9, 10). For the prevention of the complications caused
by poor lifestyle and nutrition, researchers have always
tried to find ways by which the problems such as cardio-
vascular ones can be attenuated (11).

Considering the importance of taking vitamin B12 and
folic acid in the prevention of cardiovascular disease, and
the dispersal of these vitamins in foods consumed, it is nec-
essary to use supplements that contain both vitamins. Fur-
thermore, the vital role of exercise must be considered se-
riously in such a condition. Therefore, it was hypothesized
that spirulina, which contains these two vitamins, can re-
duce homocysteine and improve the condition of the vas-
cular system.
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2. Objectives

The aim of this study was to investigate the ef-
fect of spirulina supplementation and combined aerobic-
strength training on serum homocysteine of sedentary fe-
males.

3. Methods

In this randomized controlled trial, with pre and post-
test design, 37 sedentary women, lacking evidence of car-
diovascular disease were enrolled voluntarily in the sport-
ing club of Tehran Municipality Gyms (Region 11) in the
year 2017. The research design can be seen in Figure 1.
The inclusion criteria were also considered: having con-
ditions for doing exercise on the basis of Physical Activ-
ity Readiness Questionnaire (PAR-Q); no use of medication
that could interfere with the study’s objective and percent
body fat 25 - 30%.

The subjects were randomly divided into three groups:
Supplement+training group (STG) [51.5 ± 3.4 years]; train-
ing group (TG) [51.75 ± 2.35 years]; and supplement group
(SG) [50.3 ± 2.87]. Although 37 subjects had been recruited
originally, four subjects were excluded, so the final sam-
ple on which data analyses were performed included 34
adults. The groups receiving spirulina were given 500mg
spirulina tablet (manufactured by SINA RIZ JOLBAK QESHM
CO) for three months each day before lunch (12). Also in-
cluded was 550 - 670 mg/g protein; 6 - 80mg/g fat; 20 -
60mg/g fiber; 06/0mg/g vitamin E; 06/0µg/g folic acid.

Measuring serum homocysteine and anthropometry
variables were done in pre-test and posttest phases. In
order to evaluate the serum levels of homocysteine, the
blood sample was taken from the venous vein 48 hours
prior to the beginning of the protocol, at 8:00 in the morn-
ing while the subjects were in fasting condition for 12
hours. The post-test was performed 24 h following last ses-
sion of training. Anthropometry variables including per-
cent body fat (PBF), waist to hip ratio (WHR) and body mass
index (BMI) were measured by body composition analyzer
(Model Zeus, Korea) (13).

The information of sleep-wake schedules were col-
lected using the Pittsburgh Sleep Quality Index (PSQI) for a
3-day period before the experiment. Since the intake of mi-
cronutrients and macronutrients has a significant effect
on blood test results, a 24-hour questionnaire (to control
the subjects’ nutrition) was used the day before the pre-test
and post-test to control this factor. The N4 Nutrient Pro-
cessing Software program was used to analyze the food in-
take.

The training protocol included a three sessions a week
supervised physical training (aerobic plus resistance exer-
cise) lasted for 12 weeks. The first session was devoted to

protocol familiarization. The exercise program consisted
of warm-up, 30 min of aerobic along with the strength
training. The aerobic training part was perfrormed with
the intensity of 60 - 70% Max HR for 30 minutes. The
strength part consisted of a 7-exercise circuit as follows:
Leg press, bench press, lat pull down, seated rowing, shoul-
der press, abdominal curls, and knee curls (14). The exer-
cise intensity was evaluated and controlled by Polar Elec-
tro, Kempele, Finland. The written consents were obtained.
The study protocols and procedures were approved by the
Ethics Committee of Imam Khomeini International Uni-
versity. The research was performed in accordance with
the ethical standards of the Helsinki Declaration (1964).
Kolmogorov Smirnov test was used to determine the data
normality. The data were analyzed using paired t test and
ANOVA.

4. Results

The physical characteristics of subjects are presented
in Table 1. Paired t test suggested that both train-
ing+supplement and training groups had a significant im-
provement in BMI, WHR and BFP (P ≤ 0.05). BMI was de-
creased 6% in STG and TG groups in posttest. In WHR fac-
tors, STG and TG groups had 3% improvement in posttest.
In addition, BFP had a significant decrease in both STG (11%)
and TG groups (13%). The level of homocysteine is seen in
Table 2.

As shown in Table 3, the ANOVA test results suggested
that there was a significant difference in homocysteine lev-
els of groups after intervention (P = 0.033).

Post Hoc Tukey test indicated that homocysteine levels
were significantly improved in STG compared to SG and TG
groups (respectively, P = 0.023; P = 0.04), while no signifi-
cant difference was found between TG and SG groups (P =
0.14) (Figure 2). The results of paired t test also suggested
that the levels of homocysteine were improved in STG, TG
and SG in posttest (respectively, P = 0.001; P = 0.002 and
0.03)

It was suggested that there was a significant interac-
tion between group and pre-test (F = 4.166; P = 0.015) and
the main effect of group was significantly different (F =
9.16; P = 0.001).

5. Discussion

This study was conducted to investigate the effect
of spirulina supplementation and combined aerobic-
strength training on serum homocysteine levels of inac-
tive females. As shown, homocysteine levels were signifi-
cantly improved following all study interventions with a
preference for STG group. One potential explanation for
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Figure 1. Research design

Table 1. The Physical Characteristics of Subjects in Pre-Test and Post-Test

Variable N Pre-Test Post-Test P-Values Cohen D

BMI (kg/m2)

STG 11 27.82 ± 0.17 26.31 ± 0.13* 0.001 3.14

TG 10 27.74 ± 0.49 26.23 ± 0.32* 0.001 1.67

SG 12 28.17 ± 0.25 28.74 ± 0.18 0.13 0.79

WHR (cm)

STG 11 0.89 ± 0.05 0.87 ± 0.09* 0.001 2.1

TG 10 0.89 ± 0.03 87.23 ± 0.15* 0.001 2.01

SG 12 0.89 ± 0.25 0.89 ± 0.10 0.05 0.6

BFP (%)

STG 11 26.52 ± 0.45 23.75 ± 0.34* 0.001 2.89

TG 10 26.65 ± 23.41 23.2 ± 0.13* 0.001 2.1

SG 12 26.1 ± 0.32 26.10 ± 0.14 0.60 0.15

Abbreviations: SG, supplement group; STG, supplement+training group; TG, training group.

the finding of combined aerobic-strength groups refers to
the improvement in BMI, WHR and BFP. Since it has been

shown that there is a direct correlation between obesity
and an increase in homocysteine levels, it is logical that re-
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Table 2. Homocysteine Level Before and After Intervention

Groups Pre-Test Post-Test

STG (mm/L) 12.30 ± 0.41 9.4045 ± 0.23

TG (mm/L) 12.23 ± 0.39 10.94 ±0.18

SG (mm/L) 12.40 ± 0.40 10.95 ±0.17

Table 3. Comparing the Homocysteine Levels in Groups

Variable Sum of
Squares

Mean of
Squares

F P

Homocysteine 5.33 0.033*

Between groups 399.64 133.54

Within groups 250.61 9.61

Total 524.125

*  

*  *  
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Figure 2. The effect of spirulina training on serum homocysteine after inter-
vention. Abbreviations: HCY, homocysteine; SG, supplement group; STG, Supple-
ment+training group; TG, training group.

ducing the percentage of fat improves homocysteine. Aer-
obic exercises increase the absorption of effective vitamins
in the intestinal tract of the elderly, and by converting ho-
mocysteine to methionine and cysteine, prevent its accu-
mulation in the bloodstream. Therefore, reducing homo-
cysteine can attenuate the risk of cardiovascular disease.
However, the result of the study by Gaum et al. was not
consistent with our study. They studied male rats at a fre-
quency of 5 days a week, each day from 20 minutes to one
hour for 8 weeks. The difference in result may be due to the
use of human specimens in the current research compared
to animal samples and the lack of control of all conditions
in our study. Regarding the positive effect of spirulina sup-
plement, it can be stated that homocysteine levels can be
lowered with spirulina. One limitation of the research was
the low number of subjects, along with convenience sam-
pling that limited the extent to which the results can be ap-
plied to middle-aged women in general. Additional stud-
ies involving more subjects, a more controlled environ-

ment with different varieties of psychological and physical
tests are required in order to make conclusive assumptions
about a larger population.

5.1. Conclusion

The results indicate that homocysteine as an inde-
pendent cardiovascular disease risk factor in sedentary
women can be modified by spirulina and combined
strength and aerobic exercise.
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