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Introduction
Athletes need to be in optimal condition at the start of the season and this is achieved by training according to
specific programs throughout each year. Thus, many studies have described the importance of physical conditioning

. 1)2)3
during the off-season )23

. A study of collegiate sport players found that increased fat storage during the off-
season results in the athletes being in a sub-optimal condition for competition“. Another study has correlated physi-
cal characteristics with playing activity. Athletes who feel weary or less enthusiastic about exercise have less lean
body mass® . Sudden stop training at the end of the season promotes body fat accumulation that has been correlated
with weariness”’. These reports suggest that training during the off-season correlates with caloric intake. The main
goal of exercise for athletes during the off-season is to maintain physical strength, and this is different from the
goal of training during the season . Thus, knowing the physical characteristics and physiological condition of ath-
letes during the off-season is important for planning appropriate exercise and nutrition programs. Female athletes
have additional specific problems including anemia, low bone density and unidentified clinical symptoms. So, an in-
appropriate reduction in body mass potentially is harmful for female athletes. On the other hand, body mass changes
variously in season and female athletes are as concerned about their body image as other young women®" " ¥’

The winter climate in the snowy regions of Japan (Hokuriku area) is too harsh to train outdoors, so athletes usu-
ally exercise using indoor facilities, and thus they might consume less energy than when exercising outdoors.
Careful program planning is needed for off-season training in a harsh winter climate. We studied seasonal alterations
of physical characteristics and physiological condition in nine collegiate female softball players to understand the

fundamental physiological condition of female athletes in snowy area of Japan.

Materials and methods

Subjects. We enrolled nine collegiate female softball players (average age at start and end of study, 18.8 and
19.7y, respectively) in the Hokuriku region, which is located aside the Sea of Japan and subject to very harsh,
snowy winters.

Ethical considerations. The aims, methods and publication of the study were explained to the students and those
who provided written, informed consent to participate were enrolled. The students were also informed that they
could opt out of the study at any time if they wanted. The study and report were completed in accordance with
the ethical code of Kanazawa Gakuin College (Code #47).

Study schedule. To understand the seasonal variations in physical characteristics and physiological condition, the
students were recorded just after the season finished on September 5, 2011, during the off-season on December 17,
2011 and when the season started on July 14, 2012.

Study. Fundamental features of the students included age, occurrence of menstruation on the day of the exami-
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nation, medical history, and smoking habits. The height and weight of the students were measured using In Body
(Biospace Co.), and physical characteristics were determined using BODPOD (LMI Co.) according to the manuals
provided by the manufacturers. Values were then analyzed using the integral software.

Physical strength. Grip strength was measured, then leg strength and endurance were determined by ten repeti-
tions of the sit-stand-sit test and a 20-m shuttle run test, respectively. These parameters were selected based on the
Ministry of Education, Culture, Sports, Science and Technology of Japan’s New Physical Strength Testing
Guidelines.

Study of fatigue. The students responded to a questionnaire about eye fatigue, weariness, languor, and feelings
of disquiet and discomfort. Each parameter comprised of five symptoms; for example, weariness was estimated
based on feelings of heaviness in the arms and in the legs, lumbago, aching fingers and stiff shoulders. All of these
were scored from 1 to 5, with a score of 5 describing the symptom very well. Levels of students’ fatigue were
represented by summing the symptom scores.

Statistical analysis. Data were analyzed using IBM SPSS Statistics 21.0 for Windows. Averages for all parame-
ters were quantified because the distribution of the raw sample data was rather diverse. We applied the Friedman’s
test for statistical analysis. Statistical significance was defined using a two-sided Friedman’s exact test as < 5% due

to the small sample size.

Results

All students were non-smokers and one had asthma. Five students had regular 23 - 30-day menstrual cycles at the
times of examination and four had irregular cycles. Table 1 shows the averaged physical and physiological parame-
ters of the students during the studied period. Height did not change during the year and body mass remained es-
sentially the same between September and July. However, lean body mass decreased from 43.7 to 42.4 kg between
September and December and then significantly increased to 45.2kg in July (p <0.001). The body fat ratio increased
from 21% to 23% between September and December, indicating a body mass increase of 1.0 kg of fat within this
period (11.7 to 12.7 kg; Table 1). The body fat ratio and amount decreased from 23.0% to 18.9% and from 12.7

to 10.6 kg during the next seven months and were lower in July than they had been during the previous September.

Table 1. Physical characteristics and physiological parameters of students.

September December July «
n=9 n=9 n=9 p

Height cm 1577 (5.8) 1577 (5.7 1578  (5.6) 0.874
Total body mass kg 55.4 (4.3) 55.1 (4.2 55.8 (5.3) 0.569
Lean body mass kg 43.7 (2.8) 42.4 (3.2) 452 (4.3) <0.001
Body fat kg 1.7 (o) 127 (1.5 106 (2.5 0.019
Body fat ratio % 21.0 (22 23.0 (1.9 189  (3.6) 0.003
BMI (weight / height) kg/m’ 222 (4 222 (1.3) 223 (1.3) 1.000
Systolic blood pressure (SBP) mmHg 104 @) 110 (12) 104 (15) 0.278
Diastolic blood pressure (DBP) mmHg 60 ©) 60 ® 63 an 0.971
Grip strength (right) kg 30 (©)) 30 ©) 29 (5) 0.154
Grip strength (left) kg 31 4) 29 ©)) 27 3) <0.001
10 sit-stand-sit repetitions seconds 8.3 1.2) 7.9 (1.3) 7.4 0.7 0.069
20-m shuttle runs times 79 a4 83 (12) 79 (13) 0.314

Values in parentheses indicate the average and the standard deviation.
*Determined by Friedman's test.

Figure 1 shows changes in body fat ratios in each student. The body fat ratios in all students did not change be-
tween December and July, increased in seven of the nine students between September and December; it then de-
creased in those students over the next seven months. The decreases in the body fat ratios of six students during
these seven months exceeded the increases between September and December. Two (E and I) of four students (D,

E, F and I) with irregular menstruation had rather larger decreases in body fat ratio between December and July.
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Figure 1. Changes in body fat ratios of all students.
Body fat ratio was measured and analyzed using BODPOD (LMI Co.) with integral software. A to I represent exact body fat ratios of
individual female athletes at different times. Dashed lines indicate students with irregular menstruation.

The students’ BMI remained unchanged throughout the year (Table 1). Systolic blood pressure (SBP) slightly in-
creased in December, whereas changes in diastolic blood pressure (DBP) were negligible throughout the study pe-
riod.

A decrease of grip strength of right hand was negligible during the study period. However, that of the left hand
decreased from 31 to 29 kg during the off-season between September and December and then continued to decrease
from 29 to 27 kg following the next seven months (p <0.001; Table 1). The continuous decrease in strength during
the off-season that reached 4 kg less at the start of the season compared with the previous post-season is important.
The time required to complete ten repetitions of sit-stand-sit test improved from 8.1 to 7.5 s between September and
July, but the difference was not statistically significant. The repetition times were determined in 20-m shuttle runs
in which the students continuously ran between points set 20-m apart with increasing speed at intervals that were
synchronized to the increasing rhythms of a recorded audio melody. Times in the 20-m shuttle run test improved
somewhat between September and December and then decreased over the next seven months, but the difference did

not reach statistical significance (Table 1).

Table 2. Average scores in fatigue questionnaire and summary of scores.
September December July

Points n=29 n=29 n=29 r*

Eye fatigue 7.7 2.1) 10.9 (5.2) 9.9 (3.8) 0.156
Bleary eyes 1.8 (1.0) 2.6 (1.1) 2.4 (1.2) 0.068
Eye strain 2.0 (1.0) 2.4 (1.1) 2.4 (1.0) 0.197
Orbital ache 1.1 0.3) 1.8 (1.0) 1.6 0.7) 0.037
Dry eyes 1.4 0.5) 22 (1.2) 1.6 0.7) 0.102
Dim view 1.3 0.5) 1.9 (1.3) 1.9 0.9) 0.407
Weariness 9.4 3.9) 10.4 5.4 12.6 3.1 0.556
Heaviness of the arms 1.9 (1.3) 1.9 (1.2) 1.9 (0.9) 0.986
Lumbago 2.1 (1.1 2.6 (1.3) 3.0 (1.8) 0.206
Aching fingers 1.0 (0.0) 1.4 (0.7) 1.9 (1.2) 0.115
Heaviness of the legs 2.3 (1.0) 2.0 (1.1) 2.8 (1.5) 0.699
Stiff shoulders 2.1 (1.2) 2.6 (%)) 3.0 (1.2) 0.295
Languor 15.9 (5.3) 15.7 (5.3) 17.3 3.7) 0.701
Disquiet 10.2 (3.3) 10.3 3.7) 11.0 (4.7) 0.945
Feeling of discomfort 8.9 (4.6) 8.7 4.5) 8.9 (3.5) 0.738

Values in parentheses indicate the average and the standard deviation.
*Determined by Friedman's test.
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Table 2 shows the average scores of subjective fatigue symptoms and an averaged summary. Fatigue was classi-
fied into symptoms of weariness, eye fatigue, languor, and feelings of disquiet and discomfort. The students scored
these symptoms on a scale of 1 to 5 (where higher scores mean more intense feelings of fatigue) in a questionnaire.
Feelings of disquiet and discomfort did not seasonally vary, whereas the most languor was experienced in July than
at any other point in the season, but without any statistical difference. Eye fatigue was more prevalent during
December (score: 10.9) and during the following July (score: 9.9) than during the previous September (score: 7.7).
Eye fatigue increased in all students between September and December. The incidence of orbital ache significantly
increased in some of them during this period. Sum weariness scores tended to increase between September and
December and increased more during the following July (9.4 vs.10.4 and 12.6), but the differences was not statis-
tically different. All symptoms of weariness except heaviness in the arms tended to increase over time. Figure 2
shows summarized seasonal changes in weariness for individual students. Half students felt that weariness increased
over time throughout the off-season. Four (A, H, B and I) of the nine students felt that weariness improved some-
what between December and the following July. However, the increases in individual scores between December and
the following July were smaller than those between September and December. Three (F, E and D) of four (D, E,
F and I) students with irregular menstruation felt more weariness between December and July. Thus, a total of five
(G, F, E, D and C) students felt wearier during the off-season.
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Figure 2. Summary of changes in weariness in all students.
Weariness was determined by the students’ answers to a questionnaire with scores of 1 to 5 representing none to intense feelings of wea-
riness, which were then summarized. A to I represents total weariness scores of all female athletes at different times. Dashed lines indi-
cate students with irregular menstruation.

Discussion
Athletes should train following to specifically planed program throughout the year in order to be in peak condi-
tion for the start of the season. Many reports suggest the importance of appropriate training programs to improve

9:100, Physical characteristics closely correlate with the physiological

their condition and maximize performance1'
condition, including weariness " °”. Therefore, athletes must carefully consider their physical characteristics ' *’
Physical conditioning of off-season in snowy regions is considered to be challengeable because activities must de-
pend on indoor facilities.

We determined physical characteristics and the physiological condition during the off-season of nine female
Japanese collegiate softball players in a snowy region. They gained 1.0 kg (2.0%) of fat and lost 1.3 kg of lean
body mass within the first three months of the off-season. This might be caused by an imbalance in energy supply
and output because of the sudden pause in trainingZ). However, six of seven students who gained extra fat lost

more body fat than they gained during the next seven months. So, they gained 2.8 kg of lean body mass during
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this period. The improvement in lean body mass indicated that the students appeared to be in good physiological
condition at the start of the season. However, grip strength, a marker of muscular strength, was weaker than it was
during the off-season. Weakened grip strength is a serious problem for softball players, as it indicates a decrease
in physical strength. Moreover, feelings of fatigue continuously increased during the off-season. These findings sug-
gest that training and fitness levels are inadequate between December and July. Fitness parameters in elite athletes,
including cardiovascular ability and subcutaneous fat levels, should remain unchanged throughout the year”. On the
other hand, a questionnaire study conducted at an American university found that female athletes are concerned
about their body image and thus diet during the off-season®’. This also is probably true for Japanese collegiate fe-
male athletes, as body weight can be reduced through decreasing energy intake. Since the students described herein
live in an area of heavy snowfall, they might use less energy during winter training than they do when training out-
doors. Many studies have found that a well-balanced diet decreases body fat and fatigue and improves physiological

parameters, including oxygen saturation and heart rate'"'?

. On the contrary, athletes without dietary control tend to
feel more fatigue than those with properly balanced diets' . Younger students did not seem concerned about nu-
tritional programs. They might have tried to lose body fat by unnatural dieting that would decrease physical strength
and result in fatigue.

Four students had irregular menstruation in July. Two of them were among the five whose body fat ratio had
rather remarkably decreased, and three were among the five with increased weariness between December and July.
Hormonal changes in female athletes, training and changes in body weight with fat accumulation are inter-related
14'15), so that irregular menstruation might be a result of training under conditions of imbalanced nutrition. Thus, a
sudden pause in training at the end of the season might not be optimal for maintaining the body fat ratio required
for peak physiological condition. Instead, gradually reduced training coupled with a staged reduction in energy in-
take might be extremely important for athletes during the off-season in snowy areas. An appropriate nutritional sup-

ply is also recommended to prevent gaining excessive body fat.

Concluding remarks

Accumulation of body fat during the post-season in female collegiate athletes decreases the physiological condi-
tion by the time of the next season that starts seven months later. A sudden pause of training at the end of the
season, therefore, might not be recommended for maintaining the body fat ratio because of the energy usage. So,
athletes in the Hokuriku area are recommended to reduce training gradually during post- to off-season coupled with
a staged decrease of energy intake. Because of the lower energy utilization in indoor training during snowy win-
ters, they are also recommended to take a well-balanced and appropriate nutrition to prevent gaining body fat during
the off-season.
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