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ABSTRACT

Object�ve: This study aimed to adapt the Low Energy Availability in Females Questionnaire (LEAF-Q) to Turkish language.

Mater�als and Methods: After obtaining the necessary permissions, translation and back-translation of the questionnaire were provided by indepen‐
dent experts, and the Turkish version was obtained. Opinions from 52 athletes were gathered to ensure the content validity. The Turkish version of the
questionnaire and the SCOFF Questionnaire were applied to 125 female athletes to evaluate the construct, predictive and concurrent validity. Reliabi‐
lity was evaluated through a test-retest process involving 23 athletes.
Results: The Item-Content Validity Index (I-CVI) values ranged from 0.92 to 1.00. The Scale-Content Validity Index (S-CVI) value of the questionnaire
was determined as 0.98. When the predictive validity was examined, the Eta coefficient was determined as 0.514 and the Phi coefficient as 0.425
(p˂0.001). According to the risk category of the SCOFF Questionnaire, the LEAF-Q score of the athletes in GroupSCOFF w�thout r�sk was 4.53±0.41,
while the LEAF-Q score of those in the GroupSCOFF at r�sk was 7.14±0.47 (p˂0.001). A weak-moderate positive correlation was found between LEAF-
Q and SCOFF Questionnaire scores (r=0.429, p˂0.001). The Intraclass Correlation Coefficient (ICC) value of the questionnaire was calculated as
0.803 from the test-retest phase. In the Bland-Altman plot test, the results are found to be reliable with 95% of them distributed within the range of -4
to +4. LEAF-Q total scores and LEAF-Q risk category did not significantly differ in the test-retest phase (p>0.05).
Conclus�on: Overall, the Turkish adaptation, validity, and reliability of the LEAF-Q were ensured.
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ÖZ

Amaç: Bu çalışmada, ‘Kadınlarda Düşük Enerji Kullanılabilirliği Anketi (LEAF-Q-Tr) (İng. Low Energy Ava�lab�l�ty �n Females Quest�onna�re (LEAF-Q))'ni
Türkçeye uyarlamak amaçlanmıştır.
Gereç ve Yöntemler: Gerekli izinlerin alınmasından sonra, birbirlerinden bağımsız uzmanlar tarafından anketin çevirisi ve geri çevirisi sağlanıp anketin
Türkçe versiyonu elde edilmiştir. Anketin kapsam geçerliliğini sağlamak için 52 sporcunun görüşleri alınmıştır. Anketin Türkçe versiyonu ve REZZY
Yeme Bozuklukları Ölçeği 125 kadın sporcuya uygulanarak yapı, kestirim ve uyum geçerliliği değerlendirilmiştir. Anketin güvenilirliği, 23 sporcunun dahil
edildiği test-retest süreci ile değerlendirilmiştir.
Bulgular: Maddelerin Madde-Kapsam Geçerliliği İndeks değerleri 0,92-1,00 aralığında saptanmıştır. Anketin Ölçek-Kapsam Geçerliliği İndeks değeri
0,98 olarak belirlenmiştir. Anketin kestirim geçerliliği incelendiğinde Eta katsayısı 0,514 ve Phi sayısı 0,425 (p˂0,001) olarak belirlenmiştir. REZZY Yeme
Bozuklukları Ölçeği'nin risk kategorisine göre Grup REZZY r�sks�z'de yer alan sporcuların LEAF-Q-Tr puanı 4,53±0,41 iken Grup REZZY r�skl�'dekilerin
LEAF-Q-Tr puanı 7,14±0,47 bulunmuştur (p˂0,001). LEAF-Q-Tr ve REZZY Yeme Bozuklukları Ölçeği puanları arasındaki zayıf-orta düzeyde pozitif yön‐
lü ilişki tespit edilmiştir (r=0,429, p˂0,001). Test-retest aşamasında elde edilen verilere göre anketin sınıf içi kolerasyon katsayısı değeri 0,803 olarak he‐
saplanmıştır. Bland-Altman plot testinde ise sonuçların %95'i -4 ile +4 aralığında dağılım göstererek güvenilir bulunmuştur. Test-tekrar test aşamasın‐
daki LEAF-Q-Tr toplam puanları ve LEAF-Q-Tr risk kategorisi fark oluşturmamıştır (p>0,05).
Sonuç: Böylece Kadınlarda Düşük Enerji Kullanılabilirliği Anketi (LEAF-Q-Tr)'nin Türkçeye uyarlanması, geçerliliği ve güvenilirliği sağlanmıştır.

Anahtar Sözcükler: Kadın sporcu, LEAF-Q-Tr, geçerlilik, güvenilirlik

INTRODUCTION
In sports med�c�ne, �t �s essent�al to �dent�fy �nd�v�duals at
r�sk, prevent sports �njur�es, and ensure the�r part�c�pat�on
�n sports at the opt�mal level by protect�ng the�r health. It

has been po�nted out that there may be gender-spec�f�c ef-
fects �n sports-related �njur�es w�th the �ncrease �n women's
part�c�pat�on �n sports act�v�t�es (1). The female athlete tr�ad
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�s a problem character�zed by low energy ava�lab�l�ty, func-
t�onal hypothalam�c amenorrhea, and osteoporos�s. If th�s
s�tuat�on �s not recogn�zed early, the athlete may face �rre-
vers�ble health problems (2).

Overexerc�s�ng or underfuel�ng can cause Relat�ve Energy
Def�c�ency �n Sport (RED-S). RED-S �s the �mpa�red phys�-
olog�cal funct�on�ng caused by relat�ve energy def�c�ency.
RED-S �ncludes �mpa�rments of metabol�c rate, menstrual
funct�on, bone health, �mmun�ty, prote�n synthes�s, and
card�ovascular health. Chron�c low energy ava�lab�l�ty le-
ad�ng to RED-S can l�m�t tra�n�ng adaptat�on and substant�-
ally �ncrease �njury r�sk (3). RED-S has low energy ava�lab�-
l�ty at �ts core (4).

Low energy ava�lab�l�ty �s the s�tuat�on the energy rece�ved
�s �nsu��c�ent to meet the body's pr�mary phys�olog�cal
funct�ons (5). Th�s causes adverse e�ects on the general he-
alth and performance of the athlete. In case consum�ng �n-
su��c�ent nutr�ents accord�ng to energy requ�rements, d�s-
rupt�ons occur �n many body funct�ons; �nclud�ng growth,
�mmun�ty, thermoregulat�on, gastro�ntest�nal system func-
t�ons, and endocr�ne funct�ons (6). Health �ssues caused by
low energy ava�lab�l�ty such as the deplet�on of muscle gly-
cogen stores, muscle mass losses, anem�a, �u�d-electrolyte
�mbalances, d�srupt�on of bone structure, and stress fractu-
res negat�vely �mpact athlet�c performance and lead to
sports �njur�es (7).

The da�ly opt�mal energy value recommended to ma�nta�n
all phys�olog�cal funct�ons has been reported as at least 45
kcal/kg lean body mass; �t has been found that when the
energy level �n the female body drops below the level of 30
kcal/kg lean body mass, pulsat�le LH secret�on �s �mpa�red,
and th�s can result �n menstrual dysfunct�on (8). Stud�es
have shown that the r�sk of musculoskeletal �njur�es �ncre-
ases �n female athletes due to restr�cted eat�ng behav�our,
menstrual dysfunct�on, and low bone m�neral dens�ty.
Also, when there �s prolonged energy def�c�ency exposure,
�ntest�nal funct�on �mpa�rments and mucosal atrophy oc-
curs �n the gastro�ntest�nal tract, that may result �n gastro-
�ntest�nal problems such as d�arrhoea, const�pat�on, and
mot�l�ty d�sorders (9).

Low bone m�neral dens�ty may �ncrease �nc�dence of �njury.
Stress fractures develop from recurr�ng excess�ve stra�n ca-
used by repet�t�ve m�crotrauma to bone at a rate greater
than repa�r. An �ncreased r�sk of �njury has been observed
among athletes, part�cularly younger ones, who exh�b�t
components of the RED-S. Therefore, �t �s cruc�al to
promptly detect the stra�ns and spra�ns that athletes expe-
r�ence (8).

Var�ous quest�onna�res can be used to �dent�fy symptoms of
low energy ava�lab�l�ty. One of these tools �s the 'Low

Energy Ava�lab�l�ty �n Females Quest�onna�re (LEAF-Q)'
publ�shed �n 2014 by Mel�n et al. (10). Th�s quest�onna�re
was developed as a screen�ng tool to enable early d�agnos�s
of energy def�c�ency �n female athletes. The quest�onna�re
�ncludes quest�ons about �njur�es, gastro�ntest�nal system
funct�ons, and reproduct�ve funct�ons to �dent�fy female
athletes who may be at r�sk.

Early detect�on of low energy �ntake and tak�ng necessary
precaut�ons are cr�t�cal �n protect�ng athletes' health. It has
been seen that tools related to RED-S �n Turk�sh language
are l�m�ted �n current l�terature. Therefore, th�s study a�med
to adapt the LEAF-Q to Turk�sh.

MATERIAL and METHODS
In val�d�ty and rel�ab�l�ty stud�es, �t �s recommended to re-
ach part�c�pants at least 2-10 t�mes the number of �tems
used (11). Our study a�med to reach at least 100 part�c�pants
s�nce there were 26 �tems �n the LEAF-Q. The character�st�cs
of the part�c�pants �n the or�g�nal art�cle served as a referen-
ce for select�on. Inclus�on cr�ter�a were def�ned as follows:
be�ng a female athlete between 18 and 40 years old, not be-
�ng pregnant, not us�ng contracept�ve methods other than
oral contracept�ves, not hav�ng an act�ve musculoskeletal
�njury, engag�ng �n act�ve tra�n�ng, and be�ng w�ll�ng to
complete the survey.

Translat�on and adaptat�on from the or�g�nal language
to Turk�sh

The quest�onna�re was translated �nto Turk�sh by two �nde-
pendent f�eld experts (sports med�c�ne) and a non-f�eld ex-
pert (l�ngu�st) who speaks Engl�sh �uently. The three trans-
lat�ons created were converted �nto a s�ngle quest�onna�re
by two f�eld experts by correct�ng the conceptual errors and
�ncons�stenc�es. The quest�onna�re, translated �nto Turk�sh,
was back-translated �nto Engl�sh by a nat�ve Engl�sh spe-
aker who d�d not see the or�g�nal vers�on of the test before-
hand but had a good command of Turk�sh. All translat�ons
were compared w�th the or�g�nal, and the Turk�sh vers�on
of the quest�onna�re was obta�ned (Append�x 1). The sco-
r�ng key was also translated �nto Turk�sh (Append�x 2).

To evaluate the clar�ty of the Turk�sh quest�onna�re, a 4-po-
�nt L�kert rat�ng ('1- Completely understood, 4- Not unders-
tood') and open-ended quest�ons were prepared to �ncrease
clar�ty. Th�s form was used to express an op�n�on on the cla-
r�ty of the quest�onna�re.

Content val�d�ty

Content val�d�ty was obta�ned by tak�ng the op�n�ons of 52
female athletes w�th a mean age of 23.84 years (n=18, 34.6%
team sports; n=34, 65.4% �nd�v�dual sports d�sc�pl�ne).
Content val�d�ty was ensured by determ�n�ng that the I-CVI



Turk J Sports Med Turk�sh adaptat�on of the LEAF-Q

143

values of the �tems were calculated �n the range of 0.92-
1.00, and the S-CVI value of the quest�onna�re was 0.98.

P�lot study

W�th the quest�onna�re form translated �nto Turk�sh and
w�th content val�d�ty, the SCOFF Quest�onna�re (12), and
The Eat�ng Att�tude Test-26 (EAT-26) (13) Turk�sh vers�ons
were appl�ed to 125 females (n=36, 28.8% team sports;
n=89, 71.2% �nd�v�dual sports d�sc�pl�ne) athletes w�th a
weekly tra�n�ng durat�on of 4 hours or more, s�multaneo-
usly �n a face-to-face env�ronment. The part�c�pants them-
selves f�lled �n the quest�onna�res. The study d�d not �nclu-
de those who are younger than 18 years and older than 40
years, pregnant, use contracept�ve methods other than oral
contracept�ve drugs, and have act�ve �njur�es that prevent
them from tra�n�ng for two weeks or more.

SCOFF Quest�onna�re: It �s a scale whose val�d�ty and rel�-
ab�l�ty �n Turk�sh have been prov�ded by Aydem�r et al. (12).
Eat�ng d�sorders can be screened w�th a small number of
�tems through th�s scale. The scale cons�sts of f�ve �tems �n
total. The developers created the acronym SCOFF from the
quest�ons. The SCOFF quest�ons (14);

Do you make yourself S�ck because you feel uncom-
fortably full?
Do you worry that you have lost Control over how
much you eat?
Have you recently lost more than One stone (14 lb) �n
a 3-month per�od?
Do you bel�eve yourself to be Fat when others say
you are too th�n?
Would you say that Food dom�nates your l�fe?

The part�c�pants g�ve 1 po�nt to each �tem that f�ts them. A
score between 0 and 5 can be obta�ned from the scale. A
part�c�pant's score of 2 or more on the scale �s cons�dered
r�sky regard�ng eat�ng d�sorders. In the rel�ab�l�ty analys�s
of the Turk�sh vers�on of the scale, the �nternal cons�stency
coe��c�ent was 0.74 (12).

Eat�ng Att�tude Test-26: It �s a tool adapted to Turk�sh by Er-
güney-Okumuş et al. (13) and cons�sts of 3 parts. There are 7
quest�ons about the part�c�pants' demograph�c �nformat�on
�n the part A, 26 quest�ons about the eat�ng hab�ts �n the
part B, and 5 quest�ons about the eat�ng behav�ours �n the
part C. Parts A and C of the scale are not �ncluded �n the
scor�ng, and �nformat�on that may be needed regard�ng
eat�ng d�sorders can be obta�ned from these parts. The ans-
wers g�ven to the f�rst 25 �tems �n sect�on B are scored as 3
for 'Always', 2 for 'Very o�en', 1 for 'O�en', and 0 for 'Some-
t�mes', 'Rarely', and 'Never'. In the 26th �tem w�th reverse

scor�ng, 'Somet�mes' 1, 'Rarely' 2, 'Never' 3, wh�le 'Always',
'Very o�en' and 'O�en' statements correspond to 0 po�nts. If
the score obta�ned from the scale �s 20 and above, �t �s tho-
ught there �s a deter�orat�on �n eat�ng att�tudes. In the
Turk�sh rel�ab�l�ty analys�s of EAT-26, the �nternal cons�s-
tency coe��c�ent was reported as 0.84, and the test-retest
rel�ab�l�ty as 0.78 (13).

Rel�ab�l�ty of the quest�onna�re

To test the rel�ab�l�ty of the quest�onna�re, 23 (18.4%) of the
athletes who part�c�pated �n the p�lot appl�cat�on part�c�pa-
ted �n the retest phase and answered the quest�onna�re aga-
�n a�er 15 days. The sample s�ze was calculated us�ng the
sample s�ze calculator prov�ded by Borg et al. (15), ava�lable
at https://wnar�f�n.g�thub.�o/ssc/ss�cc.html.

Val�d�ty of the quest�onna�re

Construct val�d�ty of the quest�onna�re was determ�ned ac-
cord�ng to the LEAF-Q scores of the athletes �n the �ndepen-
dent groups grouped as 'no r�sk' and 'w�th r�sk' accord�ng
to the SCOFF Quest�onna�re.

The relat�onsh�p between female athletes' LEAF-Q, SCOFF
Quest�onna�re, and Eat�ng Att�tude Test-26 scores was eva-
luated to determ�ne concurrent val�d�ty of the quest�onna-
�re. The quest�onna�re's pred�ct�ve val�d�ty analyses were
performed by cons�der�ng the LEAF-Q scores of the athletes
�n �ndependent groups grouped as 'no r�sk' and 'w�th r�sk'
accord�ng to the SCOFF Quest�onna�re and r�sk categor�es
accord�ng to LEAF- Q.

Eth�cal aspect of research

To adapt the quest�onna�re to Turk�sh, perm�ss�on was ob-
ta�ned from Anna Mel�n et al. (10), who developed the
LEAF-Q, v�a e-ma�l on 12.01.2021. The study was approved
by the local eth�cs comm�ttee's dec�s�on dated 03.02.2021
and numbered 62.

Stat�st�cal analys�s

SPSS v.23 package programs were used for the descr�pt�ve
character�st�cs of the part�c�pants and the val�d�ty and rel�-
ab�l�ty analyses of the quest�onna�re. Whether the quant�ta-
t�ve data f�t the normal d�str�but�on was checked w�th the
Shap�ro-W�lk Test. Independent-Samples Mann-Wh�tney U
and Ch�-Square tests were used �n the d��erence analys�s of
�ndependent groups formed accord�ng to the r�sk category
of the SCOFF Quest�onna�re. Descr�pt�ve character�st�cs of
the part�c�pants; were presented as frequency (n), percenta-
ge (%), and mean ± standard error.

For content val�d�ty of the quest�onna�re, I-CVI values were
calculated w�th the formula agreed �tem/number of ex-
perts, and the S-CVI value was calculated w�th the formulas
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of the sum of I-CVI scores/number of �tems (16). The lowest
acceptable value was 0.78 for I-CVI and 0.80 for S-CVI (16).

The rel�ab�l�ty of the quest�onna�re was determ�ned by
analyz�ng the test-retest scores w�th the Intraclass Correlat�-
on Coe��c�ent (ICC), Bland-Altman plot test, McNemar test,
and dependent groups t-test. The lowest acceptable value
for the ICC was determ�ned as 0.70 (17). It was des�red that
95% of the data d�str�buted �n the Bland-Altman plot sho-
uld be between the 'mean of d��erences - 1.96 x standard
dev�at�on of d��erences' and 'mean of d��erences + 1.96 x
standard dev�at�on of d��erences' (17). McNemar test and
Related-Sample W�lcoxon S�gned A p>0.05 as a result of the
rank test was �nterpreted as the test-retest results be�ng �n-
d��erent (17).

Construct val�d�ty was �nterpreted by exam�n�ng the LEAF-
Q values of �ndependent groups grouped accord�ng to the
r�sk level �n the SCOFF Quest�onna�re accord�ng to the Inde-
pendent-Samples Mann-Wh�tney U test result. A p˂0.05
was accepted as an �nd�cat�on of a d��erence between the
groups (17).

The Spearman correlat�on test was used �n concordance va-
l�d�ty analyses. r value when p ˂0.05; 0<r<0.20 poor;
0.20≤r<0.40 fa�r; 0.40≤r<0.60 moderate; 0.60≤r< 0.80 st-
rong; 0.80≤r<1 was accepted as very strong relat�onsh�p
(18).

The Eta coe��c�ent and Ph� number were calculated by con-
s�der�ng the LEAF-Q values and LEAF-Q r�sk categor�es of
�ndependent groups grouped accord�ng to the r�sk level �n
the SCOFF Quest�onna�re. The Eta and Ph� coe��c�ents
when p˂0.05; 0.00-0.19 very low; 0.20-0.39 low; 0.40-0.69
moderate; 0.70-0.89 strong; 0.90-1.00 were accepted as very
strong relat�onsh�p (17).

RESULTS
The p�lot study �ncluded 125 female athletes aged 21.93±0.43
years. Wh�le the current body mass �ndex (BMI) of the ath-
letes �s 21.09±0.25 kg/m2, the h�ghest BMI �s 22.53±0.31
kg/m2, and the lowest BMI �s 19.18±0.18 kg/m2. The smo-
k�ng rate among athletes was determ�ned as 5.6% (n=7). Re-
gular drug use for treatment, except for oral contracept�ves,
was 11.2% (n=14). The tra�n�ng durat�on of the part�c�pants
was calculated as 6.69±0.25 hours/week. Wh�le the LEAF-Q
score of female athletes was 5.76±0.33, accord�ng to LEAF-
Q, the presence of r�sk was 28.8% (n=36). The SCOFF Ques-
t�onna�re score was determ�ned as 1.45±0.11. The EAT-26 to-
tal score was 10.42±1.00, sub-d�mens�on scores were
1.59±0.25 �n bul�m�a and food preoccupat�on, 5.77±0.61 �n
d�et�ng, and 3.07±0.33 �n oral control.

Rel�ab�l�ty

For the rel�ab�l�ty phase of the quest�onna�re, 23 female ath-
letes were �ncluded �n the test-retest phase. Accord�ng to
the data obta�ned, the ICC value of the quest�onna�re was
0.803 (at 95% Conf�dence Interval lower bound =0.668; up-
per bound =0.902) and was found rel�able.

The mean of the d��erences �n the Bland-Altman plot test
was 0.478 (at 95% Conf�dence Interval lower bound=-0.539;
upper bound=1.495), and the standard dev�at�on of the d�f-
ferences was 2.352, wh�le the p-value was 0.340. Thus, 95%
of the test and retest results were rel�able, rang�ng from -4
to +4 (F�gure 1).

F�gure 1.  Rel�ab�l�ty of test-retest LEAF-Q total scores

Cons�der�ng the LEAF-Q total scores, no d��erence was fo-
und when the test-retest results were subjected to the Rela-
ted-Sample W�lcoxon S�gned Rank Test (test LEAF-Q score=
4.17±0.72; retest LEAF-Q score= 4.65±0.73; p=0.366). When
dependent groups were formed accord�ng to the LEAF-Q
r�sk category and the McNemar test was appl�ed, no d��e-
rence was found between the test-retest results (p=1.00),
(Table 1).

Table 1. Rel�ab�l�ty of test-retest LEAF-Q r�sk category d�str�but�ons

 
Retest the LEAF-Q r�sk

category  

No r�sk R�sky Total p
value

Test LEAF-Q r�sk
category

No
r�sk 17 a 1 b 18

1.00R�sky 1 a 4 b 5
  Total 18 5 23
a,b: Each upperscr�pt letter denotes a subset of Retest LEAF-Q r�sk categor�es
whose column proport�ons do not d��er s�gn�f�cantly from each other at the
0.05 level.
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Table 2. Construct val�d�ty of the LEAF- Q

  R�sk category accord�ng to the SCOFF Quest�onna�re  

 
Group 

SCOFF w�thout r�sk 
(n = 66)

Group  
SCOFF at r�sk 

(n = 59)
p-value

Age, years 22.11±0.54 21.73±0.68 0.123
Current BMI, kg/m2 21.05±0.32 21.14±0.38 0.917
The h�ghest BMI, kg/m2 22.32±0.41 22.76±0.46 0.318
The lowest BMI, kg/m2 19.27±0.23 19.09±0.29 0.517
Feature of sports d�sc�pl�ne, 
n (%) Team / n (%) Ind�v�dual 20 (30.3) / 46 (69.7) 16 (27.1) / 43 (72.9) 0.846

Tra�n�ng t�me, hours/week 6.11±0.26 7.36±0.42 0.041*
LEAF-Q score 4.53±0.41 7.14±0.47 ˂0.001*
Presence of LEAF-Q r�sk, n (%) 7 (10.6) 29 (49.2) ˂0.001*
SCOFF Quest�onna�re score 0.42±0.06 2.59±0.09 ˂0.001*
EAT-26 total 6.74±1.06 13.96±1.54 ˂0.001*
EAT-26 bul�m�a and food preoccupat�on 0.64±0.22 2.50±0.40 ˂0.001*
EAT-26 d�et�ng 3.60±0.69 7.85±0.90 ˂0.001*
EAT-26 oral control 2.50±0.41 3.62±0.51 0.054
Smok�ng, n (%) 3 (4.5) 4 (6.8) 0.706
Regular drug use for treatment, n (%) 7 (10.6) 7 (11.9) 1,000
BMI: Body mass �ndex. *: The p-value �s s�gn�f�cant at the 0.05 level. The Score Ranges; SCOFF Quest�onna�re: 0 to 5. EAT-26 Total: 0 to 78. EAT-26 Bul�m�a and Food
Preoccupat�on: 0 to 18. EAT-26 D�et�ng: 0 to 39. EAT-26 Oral Control: 0 to 21. A total score ≥8 from LEAF-Q �s to be cons�dered at r�sk for the Tr�ad.

Table 3. Concordance val�d�ty of the LEAF- Q

    LEAF-Q score

SCOFF Quest�onna�re score Correlat�on Coe��c�ent 0.429 **

p value ˂0.001

EAT-26 total Correlat�on Coe��c�ent 0.315 **

p value 0.001

EAT-26 bul�m�a and food preoccupat�on Correlat�on Coe��c�ent 0.358 **

p value ˂0.001

EAT-26 d�et�ng Correlat�on Coe��c�ent 0.273 **

p value 0.006

EAT-26 oral control Correlat�on Coe��c�ent 0.205 *
p value 0.038

*: Correlat�on �s s�gn�f�cant at the 0.05 level (2-ta�led)., **: Correlat�on �s s�gn�f�cant at the 0.01 level (2-ta�led).

DISCUSSION

Construct val�d�ty

When the r�sk category was determ�ned accord�ng to the
SCOFF Quest�onna�re and the d��erence analys�s was made
�n �ndependent groups, the LEAF-Q score of the athletes �n

Group SCOFFw�thout r�sk was 4.53±0.41, wh�le the LEAF-Q sco-
re of those �n Group SCOFF at r�sk was 7.14±0.47 (p˂0.001),
(Table 2). Thus, the quest�onna�re prov�ded construct
val�d�ty.

Pred�ct�ve val�d�ty

When the r�sk category was determ�ned accord�ng to the
SCOFF Quest�onna�re and the pred�ct�ve val�d�ty of the qu-
est�onna�re was exam�ned w�th both the LEAF-Q score and
the LEAF-Q r�sk category values (Table 2), the Eta coe��c�-
ent was determ�ned as 0.514 and the Ph� number as 0.425
(p˂0.001). Thus, �t was detected that LEAF- Q prov�ded mo-
derate pred�ct�ve val�d�ty w�th the SCOFF Quest�onna�re.

Concurrent val�d�ty

A fa�r-moderate pos�t�ve correlat�on was found when the
concurrence of the LEAF-Q score, the SCOFF Quest�onna�re,
and the EAT-26 scores were analyzed us�ng the Spearman
correlat�on test (Table 3).

When the data obta�ned from the study were evaluated, �t
has been seen that val�d�ty and rel�ab�l�ty of Turk�sh adap-
tat�on of LEAF-Q were ensured. Wh�le the total LEAF-Q sco-
re of the part�c�pat�ng female athletes was 5.76±0.33, the

presence of r�sk was determ�ned as 28.8% accord�ng to
LEAF-Q.

In the l�terature, LEAF-Q scores and the r�sk of eat�ng d�sor-
der change accord�ng to sports d�sc�pl�nes and level of par-
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t�c�pat�on. Meng et al. evaluated the r�sk of low energy ava-
�lab�l�ty �n Ch�nese el�te and recreat�onal female aesthet�c
sports athletes us�ng the LEAF-Q. They reported that 55.8%
of el�te aesthet�c sports athletes and 35.1% of recreat�onal
aesthet�c sports athletes were �dent�f�ed as be�ng at �ncre-
ased r�sk of low energy ava�lab�l�ty (4). In the study of Carr
et al., w�th�n a populat�on of el�te cross-country sk�ers �n
Sweden, an �ncreased low energy ava�lab�l�ty r�sk was re-
ported �n 31% of athletes (19). In another study by W�tkos et
al., an assessment of relat�ve energy def�c�ency us�ng the
LEAF-Q showed low energy ava�lab�l�ty �n 23.3% of female
tr�athletes (9).

In the art�cle publ�shed by Mel�n et al., who developed the
quest�onna�re, gett�ng 8 or more po�nts from the LEAF qu-
est�onna�re was def�ned as r�sky regard�ng the female athle-
te tr�ad. In add�t�on, cut-o� values that may �nd�cate dys-
funct�on were determ�ned for the subgroups of the quest�-
onna�re. These values are; 2 and above for �njur�es, 2 and
above for gastro�ntest�nal funct�on, and 4 and above for
menstrual funct�on (10).

De Mar�a et al. performed an adaptat�on, val�d�ty, and rel�-
ab�l�ty study of the LEAF quest�onna�re to Braz�l�an culture
(20). When the researchers subjected the d��erences betwe-
en the normally d�str�buted test-retest scores of 54 athletes
to the Bland-Altman plot analys�s, they showed that 95% of
the results were between -4 and +4 po�nts. No stat�st�cally
s�gn�f�cant change was observed �n the pa�red t-test results
between the mean test-retest scores and the McNemar test
they used to evaluate the change accord�ng to the LEAF-Q
r�sk categor�es. Thus, �t was reported that the rel�ab�l�ty of
the Braz�l�an vers�on of the quest�onna�re was re�nforced
(20). S�m�larly, �n our study, accord�ng to the mean of the
d��erences �n the Bland-Altman plot test, 95% of the test-
retest results were rel�able, show�ng a range of -4 to +4.
When the test-retest results were subjected to the Related-
Sample W�lcoxon S�gned Rank test cons�der�ng the LEAF-Q
total scores, and dependent groups were formed accord�ng
to the LEAF-Q r�sk category and the McNemar test was app-
l�ed, no d��erence was found between the test-retest re-
sults. In the l�ght of these f�nd�ngs, the rel�ab�l�ty of the
Turk�sh vers�on has been demonstrated.

In the or�g�nal vers�on developed by Mel�n et al., the ICC va-
lue was reported as 0.79 �n test-retest measurements evalu-
ated at two-week �ntervals (10). The test-retest rel�ab�l�ty of
the Braz�l�an vers�on of the LEAF-Q, evaluated at a two- to
four-week �nterval, was excellent, w�th an ICC of 0.92 (20).
In our study, the ICC value of the quest�onna�re was calcu-
lated as 0.803, and �t was found rel�able, accord�ng to the
data obta�ned from 23 female athletes who were �ncluded �n

the test-retest phase for the rel�ab�l�ty phase of the
quest�onna�re.

Val�d�ty can be expressed as a concept about how accura-
tely a measurement tool can measure the feature �t wants to
measure w�thout confus�ng �t w�th any other features
(17,21). W�th content val�d�ty, the extent to wh�ch each �tem
�n the scale and the whole scale serves the purpose �s exa-
m�ned (21). In th�s study, the method of apply�ng expert
op�n�ons, wh�ch �s reported to be a pract�cal approach to
evaluate the content val�d�ty of the quest�onna�re, was used
(17). In l�ne w�th the recommendat�ons �n the l�terature,
0.78 for the I-CVI value and 0.80 for the S-CVI value were
taken as the lowest acceptable value (16). The S-CVI value
of the quest�onna�re was found to be 0.98. It has been de-
term�ned that these calculated values are h�gher than the
acceptable lower l�m�ts, thus ensur�ng content val�d�ty.

Construct val�d�ty �s the express�on of a pattern formed by
spec�f�c elements or relat�ons between elements that are
cons�dered to be related to each other (21). In th�s study, the
SCOFF Quest�onna�re, wh�ch allows the r�sk determ�nat�on
of eat�ng d�sorders, wh�ch can be a component of the fema-
le athlete tr�ad, was used, and construct val�d�ty was ensu-
red by reveal�ng a s�gn�f�cant d��erence between the r�sk
categor�es of the groups and the�r LEAF-Q scores. Parallel to
th�s study, Roger et al. found that the SCOFF score had been
h�gher �n part�c�pants categor�zed as at r�sk of the tr�ad (22).
Kend�r et al. also reported that eat�ng d�sorders are assoc�-
ated w�th low energy ava�lab�l�ty �n athletes (23).

Pred�ct�ve val�d�ty �s obta�ned by calculat�ng the correlat�on
between the est�mat�on score obta�ned from a scale and the
cr�ter�on known to measure the character�st�cs to be measu-
red (21). In our study, the r�sk category was determ�ned ac-
cord�ng to the SCOFF Quest�onna�re, and the pred�ct�ve va-
l�d�ty of the quest�onna�re was exam�ned w�th both the
LEAF-Q score and the LEAF-Q r�sk category values. It was
determ�ned that the LEAF-Q prov�ded moderate pred�ct�ve
val�d�ty w�th the SCOFF Quest�onna�re.

Concordance val�d�ty �s evaluated as the correlat�on betwe-
en the scores obta�ned from the scale and the spec�f�ed cr�-
ter�a (21). Our study exam�ned the compat�b�l�ty of the
LEAF-Q score w�th the SCOFF Quest�onna�re and EAT-26
scores, and a weak to moderate pos�t�ve correlat�on was de-
tected. Th�s correlat�on was found at a weak to moderate
level because the ment�oned tools �ncluded the d�mens�on
related to eat�ng behav�our. However, the quest�ons about
�njur�es and menstruat�on �n the LEAF- Q d�d not have an
answer.

The l�m�tat�on of our study �s the absence of measurement
tools for assess�ng �njury and menstruat�on d�mens�ons.
In-
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corporat�ng such tools would have been valuable for con-
duct�ng concordance val�d�ty analyses.

CONCLUSION
Th�s study presents a Turk�sh vers�on of a quest�onna�re de-
s�gned to �dent�fy low energy ava�lab�l�ty �n female athletes.
The Turk�sh vers�on of the LEAF-Q was adapted w�th a fo-
cus on ensur�ng �ts val�d�ty and rel�ab�l�ty. The LEAF-Q
Turk�sh form serves as a valuable tool for screen�ng Turk�sh
female athletes for the r�sk of the female athlete tr�ad,
wh�ch �s cruc�al for both the�r overall health and
performance.
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