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ABSTRACT
Athletes have the risk of transmitting intestinal parasites in sports environments, leading to their poor performance. This
study aimed to investigate iron deficiency, iron deficiency anemia, anaerobic performance, and muscle strength in athletes with
intestinal parasites. It was conducted by the Ministry of Youth and Sports, General Directorate of Sports Services, Department
of Health Affairs in 2018. The stool test results of the athletes were examined. The iron deficiency, iron deficiency anemia, anaerobic performance, and muscle strength were determined by stool sample analysis (study group) and compared with those
of 28 athletes who performed the same sports and had no parasites (control group). The iron deficiency and iron deficiency
anemia in all athletes were evaluated using iron and ferritin levels in blood analysis. The anaerobic performance was assessed
using the Wingate test. The isokinetic muscle strength was evaluated using the IsoMed 2000 isokinetic dynamometer. No
statistically significant difference in blood analysis and iron and ferritin levels was found between the groups. No athlete had
iron deficiency or iron deficiency anemia. On comparing the anaerobic performances of the groups, no statistically significant
difference in WanT parameters was observed. A statistically significant difference was found in the strength of the dominant
leg knee extensor muscles at an angular velocity of 60º/s, but no statistically significant differences were noted in other muscle
strength parameters. Asymptomatic intestinal parasites did not lead to iron deficiency or iron deficiency anemia and did not
affect anaerobic performance in athletes, but adversely affected the strength of dominant leg knee extensor muscles.
Key words: Anemia, infection, isokinetic, sport, Wingate test

Introduction
Intestinal parasitic infections occur when the
protozoa or helminths settle in the small intestine
and/or large intestines. Intestinal parasitic infections
are among the most common infections worldwide,
especially in developing countries, and are a serious
public health concern. It is an important cause of morbidity and mortality in children and high-risk groups.
Studies have shown that intestinal parasites adversely affect the health and development of children and
cause loss of work and power in adults (1-5). Intestinal parasites are common in both children and adults
due to the fact that hygiene habits in children are not
acquired sufficiently and adults are more likely to encounter parasites in daily life (2). The causes of intestinal parasites include low levels of development in
countries, mild climate characteristics, low socioeconomic status and educational level, lack of personal
and environmental hygiene, and inadequate access
to clean drinking and potable water (2, 4-6). Socio-

economic situation, hygiene, and education levels in
Turkey, which vary depending on the prevalence of
intestinal parasites in different geographical regions,
have reached 90% in some endemic areas (2, 5, 7).
The symptoms of intestinal parasitic infections
include abdominal pain, constipation or long-lasting
diarrhea, sensation of gas and tension in the abdomen, change in the appearance of feces, bloody
mucous stools, rectal fullness, anal itching, bloating,
nausea and vomiting, appetite problems, weight loss,
sleep disorder, irritability, and other symptoms such
as fatigue, burnout symptoms, skin rashes, eczema,
urticaria, muscle aches, joint pain, iron deficiency
anemia, iron deficiency, growth and mental retardation, and rectal prolapses (8, 9). After treating these
infections, the symptoms such as anemia, iron deficiency, weakness, muscle weakness during the infection, and dysregulation of the gastrointestinal system
need to be relieved.
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Athletes are at risk of intestinal parasitic infections due to poor environmental conditions in sports
settings. Public areas, such as preparatory camps, national team camps, and/or boarding camp training
centers, besides frequent travel, expose athletes to
poor hygiene conditions in terms of food and environment (10). At the same time, the immune system
is frequently suppressed in athletes who perform
long-term and severe exercises (11). Thus, after severe exercise, athletes become more susceptible to
microorganisms, especially viral infections. After
heavy exercise, viruses and bacteria can enter the
body to increase the risk of subclinical and clinical
infections (12). These conditions may lead to poor
performance (13-15).
Intestinal parasites may cause anemia in athletes and adversely affect sports performance (16,
17). The hemoglobin concentration is low in anemia.
The most common cause is iron deficiency. Iron is an
important mineral for optimal athletic performance
due to its role in energy metabolism, transport of
oxygen, and acid–base balance. It promotes athletic
performance by increasing oxygen-carrying capacity
(30). The reduced iron tank adversely affects aerobic
capacity, muscle strength, and endurance (16, 17).
The gastrointestinal tract is an important part of
the immune system and nutrition. A well-balanced
gastrointestinal tract, adequate and balanced nutrition of the athlete, bioavailability of the food, and
optimization of the immune system are important
for promoting sports performance. Hence, it is hypothesized that anaerobic performance and muscle
strength are adversely affected in the elite athletes

with intestinal parasites due to the effects of parasites on the gastrointestinal system and deterioration
of nutrition. Therefore, this study aimed to determine
the presence of iron deficiency anemia or iron deficiency in athletes with intestinal parasites and examine the muscle strength and anaerobic performance.

MATERIALS AND METHODS
This study was conducted by the Ministry of
Youth and Sports, General Directorate of Sports Services, Department of Health Affairs in 2018. The stool
test results of the athletes applying for health and
performance evaluation were examined. The study
was performed with a total of 56 athletes: 28 athletes
who had parasites detected in the stool sample analysis and had no other disease (study group) and 28
athletes who did not have any parasites and did not
have any known diseases (control group). The study
group and the control group athletes were demographically similar (Table 1).
The permission and approval of the Ministry of
Youth and Sports, General Directorate of Sports Services, Department of Health Affairs (dated 28.12.2018
and numbered 39746592-100-E.809306) were obtained to perform the study and use the data of the
athletes who met the research criteria.
The first-day blood tests and stool tests were
performed for all athletes participating in the study.
The athletes were administered the anaerobic capacity test on the same day, and the isokinetic muscle
strength test was conducted the next day. All athletes were informed before the tests and asked to put
on sportswear and sports shoes.

Table 1: Descriptive characteristics of the groups
Study group
(n = 28)

Control group
(n = 28)

P

Age (year)

17.25 ± 1.69

17.07 ± 1.53

0.681*

Height (cm)

174.55 ± 9.70

174.68 ± 9.18

0.997*

Weight (kg)

68.35 ± 13.27

68.72 ± 14.34

0.921*

BMI (kg/m2)

22.39 ± 3.04

22.51 ± 3.28

0.894*

5 (3–11)

5.50 (3–9)

0.959**

Sports age (year)
Gender, n (%)

Male

20 (72)

20 (72)

Female

8 (28)

8 (28)

BMI, Body mass index. *Independent-samples t test. **Mann–Whitney U test.
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Blood analysis
The fasting blood sample was taken from the antecubital vein of the athletes on the first day. It was
collected in two tubes [one containing EDTA, and the
other containing a clot activator (SST II Advance)].
Red blood cell (RBC) count, hemoglobin (HGB),
hematocrit (HCT), mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), red cell distribution width (RDW), white blood cell (WBC) count
were measured using the Sysmex CBC XT2000I counter (Sysmex Corporation, Kobe, Japan). Impedance
was used for RBC count, photometric analysis for
HGB, cumulative impedance for HCT, and fluorescence flow cytometry for WBC count. The MCV and
MCH values were calculated using the RBC count and
HCT. Randox RX Imola (UK) clinical chemistry device
was used to measure iron (Fe) and ferritin values.
Spectrophotometry was used for iron (Fe), and turbidimetry methods were used for ferritin value.
Stool sample analysis
Before the analysis, the athletes were given special closed plastic containers for stool collection, and
the stool samples were studied within 1 h. The stool
samples were first examined macroscopically. Then,
two samples were prepared with 22 x 22 lamellae using saline solution with the Olympus CX23LEDRFS1
model light microscope having zigzag scanning with
10x lens and then one-third of the lamella with 40x
lens. The same biologist examined all the materials.
The type of parasite was determined in the 40x lens
examination.
Evaluation of anaerobic capacity
The Wingate test (WanT) was used to evaluate
the anaerobic capacity of the athletes. WanT is a test
to measure the explosive force, which is continuity in
strength and muscular fatigue, to obtain information
about muscle metabolism in short-term and high-intensity exercises, and also to evaluate athletic performance. The Monark 891E model leg bicycle ergometer, which was connected to the modified computer
for WanT and worked with compatible software, was
used. The saddle and pedal length settings were
made for each athlete before the test. In the lowerextremity WanT, the load equivalent to 7.5% of body
weight was calculated automatically on the computer and placed on the scale. Before starting WanT, the
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athletes cycled the bike for about 3 min with 60–80
pedal speed (rpm). In the last 5 s of every 1 min, a
high-speed load of 120–160 rpm was applied. After
completing the warm-up, the athletes performed a
2-min stretch, following which they were allowed to
cool down. When the athlete was ready, the test was
started and the driver was asked to pedal for 30 s.
The number of pedals and load at the end of 30 s was
calculated, and total work = anaerobic capacity (in
Joule) was determined. With the mathematical mean
of the total work, the average job = anaerobic power
was calculated (in Watt). During WanT, the highest
power value during any 5 s (initial seconds) was recorded as the peak power, which was an indicator of
the anaerobic energy capacity. The minimum power
value in 5 s (last seconds) was recorded as the minimum power. The fatigue index was calculated by using the following formula: (peak power – minimum
power/peak power) x 100. After completing the test,
the athlete was allowed low-speed cooling for 3 min,
and the test was terminated (18).
Evaluation of isokinetic muscle strength
The isokinetic muscle strength of the knee flexor and extensor muscles was evaluated using the
IsoMed 2000 device. The athletes underwent a warmup run for 10 min before the test. After the warm-up,
they were taken to the isokinetic device, and the device was adjusted according to the individual anthropometric structure of the athletes. During the test,
the body weight and age values were entered into
the computer and the program was installed. The
suitability of the movement width of the joint and
the angles to be tested was determined by making a
sample movement at very low speed to the athletes.
The effect of gravity was reset. Evaluations were done
in the sitting position, taking into account the range
of motion of the athletes and the measurement characteristics of the device. Accordingly, the knee flexion/extension movement was performed between
90° and 0° flexion angles in the sitting position while
the trunk was at 70° flexion. The evaluation protocol
was created in two stages for each angular velocity.
In the first stage, the athletes were asked to perform
three repetitive submaximal movements at 60°/s
for familiarization to the movement and for warming up. In the second stage, the test was completed
by making a maximum of five repetitive motions
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at 60°/s angular velocity. Similarly, the athletes were
asked to perform three repetitive submaximal movements at 180°/s for familiarization to the new angular
velocity and for warming up. In the second stage, the
test was completed by making maximal 15 repetitive
motions at 180°/s angular velocity. Between maximal
movements, one minimum rest break was given. Peak
torque (PT) and PT/kg values of the athletes at both angular speeds were recorded. Measurements were taken
bilaterally, first on the dominant side and then on the
nondominant side. The athletes were encouraged to
perform maximal performance with verbal commands.
All tests were performed by the same physiotherapist
who worked for at least 3 years in this area (19).
Statistical analysis
All the data obtained from the groups were analyzed using the Statistical Package for Social Sciences
Inc. (SPSS, IL, USA) for Windows Release 20.0 statistical package program. The variables determined by
measurement were expressed as mean ± standard
deviation (X ± SD), and the percentage (%) value was
calculated for the variables by counting. For comparing two groups in terms of numerical variables, the
independent-samples t test was used for parametric
data and the Mann–Whitney U test was used for nonparametric data. In all statistics, a P value less than
0.05 indicated statistical significance.

RESULTS
The age, height, weight, body mass index, sports
age, and gender distribution of the study and control
groups were similar (P < 0.05) (Table 1).
In the study group, the distribution of parasites
was determined as Ascaris lumbricoides in eight cases (28.6%), Taenia saginata in eight cases (28.6%), E.
histolytica in seven cases (25%), Entamoeba coli in
three cases (10.7%), and Giardia intestinalis in two
cases (7.1%) (Table 2).
No statistically significant difference in blood
analysis and iron and ferritin levels was found between the groups (P > 0.05), and no athlete had iron
deficiency or iron deficiency anemia (Table 3).
When the anaerobic performances of the groups
were compared, no statistically significant difference
was observed in total work, average work, peak power, minimum power, and fatigue index between the
groups (P > 0.05) (Table 4).

When the isokinetic muscle strength values of
the groups were compared, the strength of the dominant leg knee extensor muscles was found to be less
in the study group at the angular velocity of 60º/s
(P < 0.05). No statistically significant difference was
observed in the other muscle strength parameters
evaluated at angular velocities of 60º/s and 180º/s (P
> 0.05) (Table 5).

DISCUSSION
This study examined iron deficiency anemia,
anaerobic performance, and muscle strength in athletes with intestinal parasites who were asymptomatic without any clinical complaints. It was found
that iron deficiency or iron deficiency anemia did not
develop in athletes with intestinal parasites and anaerobic performance was not affected. The explosive
muscle strength of the dominant leg knee extensor
muscle was found to be less in the study group with
intestinal parasites.
Intestinal parasitic infections are one of the most
common infections worldwide. A. lumbricoides,
Trichuris trichiura, and hookworm are the most common intestinal parasites from soil-borne helminths
(20). Giardia lamblia, which causes giardiasis, is the
most common intestinal protozoan in developed
and developing countries (21). Another common
bowel protozoan is E. histolytica, which frequently
causes chronic bowel infection (22). In Turkey, various studies were conducted to investigate the distribution of parasites by age groups. G. intestinalis
with Enterobius vermicularis was reported in the
0–14 age group. Blastocystis hominis and G. intestinalis were more frequently found in adulthood and
childhood, respectively (2). A retrospective study examining the prevalence of intestinal parasites in the

Table 2: Proportional distribution of intestinal parasites detected in the study group
Detected intestinal parasites

Total number

%

Ascaris lumbricoides

8

28.6

Taenia saginata

8

28.6

Entamoeba histolytica

7

25

Entamoeba coli

3

10.7

Giardia intestinalis

2

7.1
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Table 3: Blood test results of the groups
Study group
(n = 28)

Control group
(n = 28)

P*

RBC (×106/µL)

5.22 ± 0.44

5.32 ± 0.45

0.434

Hemoglobin (g/dL)

15.35 ± 1.25

15.35 ± 1.25

0.684

Hematocrit (%)

43.39 ± 3.94

43.84 ± 3.54

0.652

MCV (fL)

83.02 ± 3.39

82.53 ± 3.87

0.617

MCH (pg)

29.03 ± 1.49

28.92 ± 1.43

0.771

RDW (%)

12.34 ± 0.51

12.44 ± 0.70

0.556

WBC (×103/µL)

7.35 ± 2.65

7.11 ± 2.40

0.730

Iron (µg/dL)

87.39 ± 39.50

83.85 ± 31.49

0.713

Ferritin (ng/mL)

49.00 ± 23.82

54.90 ± 26.44

0.385

Blood parameters

MCH, Mean corpuscular hemoglobin; MCV, mean corpuscular volume; RBC, red blood cell; RDW, red cell distribution width; WBC, white
blood cell. *Independent-samples t test.

Table 4: Wingate test results of the groups
Wingate test parameters

Study group
(n = 28)

Control group
(n = 28)

P*

PP (W)

878.91 ± 267.80

822.27 ± 245.70

0.413

PP (W/kg)

12.52 ± 2.60

12.13 ± 2.74

0.584

tPP (ms)

1582.29 ± 742.09

1821.29 ± 914.64

0.288

AP (W)

583.25 ± 169.52

555.88 ± 150.63

0.526

AP (W/kg)

8.30 ± 1.48

8.21 ± 1.61

0.837

MP (W)

296.07 ± 144.82

299.46 ± 117.21

0.924

MP (W/kg)

4.25 ± 1.90

4.41 ± 1.54

0.724

PD (W)

582.84 ± 231.71

522.81 ± 207.57

0.312

PD (W/kg)

8.28 ± 2.80

7.71 ± 2.82

0.453

PD (W/s)

19.86 ± 8.31

17.61 ± 7.34

0.288

PD [W/(s/kg)]

0.29 ± 0.11

0.26 ± 0.12

0.412

PD (%)

65.56 ± 15.38

62.41 ± 12.90

0.410

*Independent-samples t test.

province of Istanbul found the prevalence to be 5%
(5486/111,889). The most commonly detected four
parasites were as follows: G. intestinalis (62%), E. vermicularis (16%), A. lumbricoides (7%), and B. hominis
(6%) (6). Similarly, in a retrospective study in Sivas
province, the prevalence of intestinal parasites was
found to be 10.5% (532/5057). The most common
parasites were G. intestinalis (3.7%), E. histolytica/

dispar (2.4%), E. coli (2.5%), and Iodamoeba butschlii
(0.6%) (23). No published study examined the prevalence of intestinal parasites in athletes. In this study,
A. lumbricoides, T. saginata, E. histolytica, E. coli, and
G. intestinalis were found in 8 (28.6%), 8 (28.6%), 7
(25%), 3 (10.7%), and (7.1%) cases, respectively.
Athletes are at risk of transmission of intestinal
parasites in sports environments. Contamination
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Table 5: Isokinetic muscle power parameters of the groups
Parameters of isokinetic muscle force measurement

60
º/s

Flexion
DM PT/W (Nm/kg)
NDM PT(Nm)
NDM PT/W(Nm/kg)
Symmetry index (%)
Extension
DM PT/W(Nm/kg)
NDM PT(Nm)
NDM PT/W(Nm/kg)
Symmetry index (%)

DM PT (Nm)

Working group
(n = 28)

Control group
(n = 28)

P*
0.457

114.51 ± 36.30

107.48 ± 33.93

1.61 ± 0.31

1.55 ± 0.29

0.444

72.06 ± 63.34

71.98 ± 61.12

0.996

12.20 ± 15.39

10.99 ± 13.10

0.752

144.26 ± 67.31

135,33 ± 64,56

0.614

129.24 ± 113.42

132,74 ± 113,17

2.47 ± 1.05

3.13 ± 1.03

0.021**

148.19 ± 84.85

149.81 ± 80.76

0.942

21.88 ± 24.54

22.42 ± 25.08

0.935

108.86 ± 25.87

101.07 ± 17.19

0.190

DM Flex/Ext conventional rate (%)

34.58 ± 27.55

30.74 ± 24.76

0.586

NDM Flex/Ext conventional rate (%)

36.73 ± 29.94

35.68 ±28.05

0.892

Flexion
180
º/sn

Extension

DM PT(Nm)

0.908

DM PT (Nm)

67.52 ± 41.28

64.03 ± 40.79

0.751

DM PT/W (Nm/kg)

81.33 ± 106.84

74.58 ± 97.03

0.806

NDM PT(Nm)

58.59 ± 51.35

54.38 ± 46.20

0.748

NDM PT/W(Nm/kg)

1.54 ± 0.92

2.00 ± 1.28

0.128

Symmetry index (%)

84.53 ± 21.25

85.32 ± 24.14

0.897

DM PT(Nm)

116.06 ± 60.25

112.03 ± 56.60

0.798

DM PT/W(Nm/kg)

38.26 ± 46.42

44.28 ± 54.80

0.659

NDM PT(Nm)

137.35 ± 48.28

135.11 ± 35.48

0.844

NDM PT/W(Nm/kg)

39.63 ± 49.87

36.33 ± 46.52

0.799

Symmetry index (%)

60.00 ± 48.35

60.10 ± 48.73

0.994

DM Flex/Ext conventional rate (%)

37.95 ± 29.22

36.69 ± 28.08

0.871

NDM Flex/Ext conventional rate (%)

45.08 ± 19.60

43.38 ± 18.95

0.743

*Independent-samples t test. **P < 0.05.

usually occurs due to fecal–oral administration, water and food during travel, shared living spaces, and
sharing of personal belongings. Intestinal parasites
can cause intestinal bleeding or malabsorption by
destroying the absorption of nutrients, abdominal
distension, abdominal pain, nausea, vomiting, diarrhea, and loss of food due to anorexia; these effects
can cause dehydration due to fluid loss, leading to
protein-energy malnutrition, anemia, and other nutritional deficiencies (14, 22, 24-28). These symptoms
may affect sports performance in athletes (16, 17). Intensive training during intestinal parasitic infection
and treatment process may be objectionable (13). In
general, bed rest and progression to normal training
are recommended when the disease is systemic (12).

Iron deficiency is the most common nutrient
deficiency worldwide. Malnutrition, insufficient iron
absorption, and blood loss are the main causes of
iron deficiency anemia (29, 30). The presence of intestinal parasites may lead to iron deficiency or iron
deficiency anemia, resulting in malnutrition, iron
malabsorption, or intestinal bleeding (8, 9). Iron deficiency negatively affects athletic performance by
reducing the oxygen-carrying capacity (31). In the
present study, the groups with intestinal and nonintestinal parasites had similar blood analysis results
and iron and ferritin levels; no athlete had iron deficiency or iron deficiency anemia. The absence of any
symptoms and signs in the working-group athletes
suggested that the intestinal parasites did not cause
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any disease. This was probably related to the lack of
iron deficiency or iron deficiency anemia in athletes.
Intense exercise causes immunosuppression,
and moderate exercise activates the immune system against the diseases (32-34). Natural immunity
to intestinal parasites is weak. These parasites are resistant to elimination from the host with a specific
immune response. Hence, most of the intestinal parasites are chronic; they can adapt to the host’s natural
defense mechanisms and continue to multiply (35).
In the present study, the anaerobic endurance of the
athletes with intestinal parasites and the similarity in
some muscle strength parameters could be attributed to the fact that the athletes in the study group
were asymptomatic and had no iron deficiency or
iron deficiency anemia. In addition, all the athletes
in the study group were at the elite level and were
subjected to regular and severe exercise loadings.
Therefore, while the acute effects of exercise are disadvantageous for athletes in terms of predisposition
to infection, the chronic effects of exercise strengthen immunity in an advantageous manner.
During high-intensity exercise, such as isokinetic
strength tests, the muscles demand high energy. Due
to reasons such as malnutrition or malabsorption,
energy restrictions limit the performance of high-intensity exercise (36). In a previous study, the muscle
strength of the leg flexor muscles was shown to be
related to the amount of protein taken (37). In the
present study, when the isokinetic muscle strength
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values of the groups were compared, the explosive
muscle strength of the dominant leg knee extensors
was better in the control group. It was presumed that
the explosive force of the athletes might be affected
by the presence of intestinal parasites. The results
showed the nutritional status of athletes with intestinal parasites. The athletes had no iron deficiency, but
the absorption capacity of the gastrointestinal tract
was impaired and the explosive muscle strength was
adversely affected. Further studies are needed to
clarify this situation.
In conclusion, intestinal parasites, which were
asymptomatic in the present study, do not cause
iron deficiency or iron deficiency anemia in athletes.
Also, they do not adversely affect anaerobic power.
Symptoms may occur at the time of weakening of
the system. Therefore, intestinal parasitic infections
should be treated when detected and periodic health
checks must be added to the stool sample analysis.
This study showed that asymptomatic intestinal parasites, which did not lead to iron deficiency or iron
deficiency anemia, had a negative effect on the explosive strength of the dominant leg knee extensor
muscles in athletes. This may be due to the fact that
the gastrointestinal tract of the athletes is affected
by intestinal parasites, leading to the negative impact of the nutrients on the intestine. Further studies
with longer follow-up are needed to investigate the
effects of intestinal parasites.
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