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PURPOSE This study aimed to evaluate energy availability and dietary intake
among female Korean national handball players and to examine the effects of
sports nutrition on their dietary habits. METHODS Sixteen players from the 2024
Korean women’s national handball team participated in the study. Bioelectrical
impedance analysis was used to assess body composition. Low energy availability
(LEA) was assessed using the Low Energy Availability in Females Questionnaire
(LEAF-Q). Dietary intake was evaluated before and after as sports nutrition education
program using seven consecutive 24-hour recalls. Professional nutrition analysis
software was utilized to assess weekday and weekend intakes of major macro- and
micro-nutrients. A face-to-face nutrition education session was provided after the
first dietary intake survey. The program covered the functions and recommended
levels of macro- and micronutrients, specifically focusing on their link to sports
performance. RESULTS Based on the LEAF-Q assessment, 37.5% of female national
handball players were classified as being at risk, with particularly high tendencies
of suffering injuries (62.5%) and gastrointestinal symptoms (75%). Following the
nutrition education intervention, fat-free mass and skeletal muscle mass increased
significantly, while fat mass and body fat percentage (p<.05). Improvements was also
observed in dietary intake of the players, with a significant increase in carbohydrate
and protein consumption and a reduction in fat intake, along with achieving
recommended levels on both weekdays and weekends. However, intakes of vitamin
D, calcium, and iron remained below recommended levels before and after the
intervention. CONCLUSIONS This study demonstrated that female national handball
players faced insufficient energy availability and nutrient imbalances, particularly
in vitamin D, calcium, and iron. Nutrition education prompted favorable changes
in body composition and macronutrient intake, confirming its effectiveness. These
findings highlight the importance of ensuring adequate energy intake, while
persistent micronutrient gaps underscore the need for sustained, specific nutritional
strategies.
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of 228 AGFS oty &8 W dd S S3ok=
Zo] Q3 HMolina-Lopez & Planells, 2018; Arnaoutis et al.,
2024).

g Axzx Aol dAFEE gL AFH 72 g5
9] 7% 5-8g/kg/day°l™, @A H¢ 1.2-2g/kg/day, A
9] A F oA HHZFY 20-30%E HFAGFES EF= L ok
(Holway & Spriet, 2011; Kerksick et al., 2018; Castillo et al.,
2022). T3 H|EM] D, Z, 3t 22 n|Fdgae o A7, WY
715, 9% 24 9 275 A4 50l $8% dES olEE, T A
H 24L& A7 8 9L U] 913 244 ol & &
AtHMolina-Lopez & Planells, 2018).

AP Aol EH oA &5 A-EY A 25 F AET A
23 7154, 19, ¥ A% 5) |AsH] AdliAe dH
YA (Energy intake)®} & XAv|&F(Exercise energy
expenditure) 12|31 A|A W F(Fat free mass)O2 AFESE 4
AHE 7hs olvAFFo] A& 45kcal/kg FFM/day7t 283 AL
2 B3 Yck(Park et al.,, 2022). 2y REO] oz} A=E
AR50l A AT A4 4 28 9@ HEHA gEro g Qs W
L oA 7FEA(LEA, Low Energy availability)o]l 3j@3sk= 212
2 B E i (Mora-Fernandez et al., 2022; Arnaoutis et al.,
2024). R ovA] 7FAold BEE 75 fAlel AR oA
HE AHE Sot, 4 oldA 71843 30kcal/kg FFM/day w9t
£ 71E0R gt} o9} HEo] oA EEAFES AT ¥ oY
A 7+ A38Y =491 Low Energy availability in Females
Questionnaire(LEAF-Q)& &3l W2 o] 7184 & 4ET
4= 9Iti(Melin et al., 2014; Mountjoy et al., 2018; Tayne et al.,
2019).

2 oA 7ML FE w2 T A L HE, B ESES
3 Ao 2 QIgE oA An|F9] F7Het BlEo], FHEgt A4t
FHoly A4 AR Igt o | A AAFH FFel oJsf fdE. ol
gt olvA] 43 2 IF 2H2 3718 AoHET ozt o v A] o
At A 715, SEEA 717, WA, AEHA 9 A A7)
FHAQ FFS v, o] = sl B4 E A WA o] F7tst
= ZAo7 HuEtiAckerman et al., 2019; Park et al., 2022).
olof wte} = ASHY LS (I0C) N4 549 A4 oA &
H(REDs, Relative Energy Deficiency in Sport)oll tigt AHAE
HrEstg o, oyA 289 A 2 27] %)) S840l B 4
%511 It (Mountjoy et al., 2018).

Y A2 ol oy APE AFolr] Y W F o
U2 5 Asso] SHE ¥ 4FE v 25U Y
(Tektunali Akman et al., 2024). o] &35t Al=
oA 43 4 IF AFH9 58497 7 JFA=EY 9T ¢

~

=~
2 WRFe] 25 F F7hH Y WAFE ofshot, HEet 4]

@S A5k, v 29 AES ARl ool A 23
tHSanchez-Diaz et al., 2020; Boidin et al., 2021). £3] o=} 3l
EE A9 A9 =2 8 A= B4 40 =& 5= A0, A
23 B4 S22 s 502 s AF R oA Ay ¢
IS = o o5 o R §F AAHo|1 wESHE Y
59| "ol BL FEHHGastrich et al., 2020; Miralles-
Amorés, Vicente-Martinez, et al., 2023).
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Arnaoutis et al., 2024). ¥HH, A2} F5AFEC] F2 YA 7}t
B4 9 A oA 29 ZA01 9 & A¥E 1 l=olE &
otal, P& WSof wE FF A4 E Alo] HF #sto) n|A]= J7F
of thgt FR9] A= B LT EE WYL E o]Fojx o
(Molina-Lopez et al., 2013; Sanchez-Diaz et al., 2020), %1&}
WEE AFEE HoE APd A+ -9 25 FE53 A4
ojt}. wehA & A= g oA} WEE A7V E ASFE Yo E
oA 71843 AAHRD Alo] HH FHE Brlota Axx JF
5o A=E0] 4lo] 9] Hsto] ojwgt IS WA=AE Lot
= dl & A9 HHo] 9l

£ AL o SR IME 44 1798 oz stglom, o
T YA 5 3 2% A Aol 43 HolEzt gl Aat ASshe
thn=1). AT BAES FARE § E A4o) 2 AL 46
78 F 43) o9 F NPT TAS SHSIAL. B 2AS A%
7] o) A55elA Ao] 2Aek QoF Lo el HE3] Htal
ob, AL FAZ T A Astol AFSAT. AT P 41
A4 E4L (Table 1)3 2tk

18-S H137 A1 A (Inbody-BSM370, Inbody, Korea) B
noFo] wr EEt7t AGA Algol HHEA], JdFol, 5= A of

a, A AR gE A AL o2 Bl A g F 0.1 cm ©
2 2451900 A% % A S 7S AR0R AU ok
2 "L 5 A A7 A4 7] (Inbody-720, Inbody, Korea)E ©]

Table 1. Characteristics of Korean national female handball players

Variables Participants (n=16)
Height (cm) 171.94 £ 6.29
Weight (kg) 67.46 +3.22
Age (y) 26.19 £2.81
Fat-free mass (kg) 51.91+£8.54
Skeletal muscle mass (kg) 29.00 +4.95
Fat mass (kg) 15.63 +5.71
Body fat (%) 22.65+5.08
Total energy expenditure (kcal) 2806.46 + 204.06

Values are presented as mean + standard deviation
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st SAskAeH, Aske), AATEN), 42T ke), AAY

Fkg)S AHEA

2. 919A 7+ 2389

oA 71842 Meline 5(2014)°] 71#3t Low Energy
Availablity in Females Qustionnire, LEAF-Q2] gt=Fo] ¥l
K-LEAF-QE ol&5to] JFHF RA Aol HAIstA 2™ (Seo et
al., 2024), 34 8% ol AF ZF2 oA 7184 Sl A=
Zo = waslylet. B3t -3 A glo] AR 7 ARFE & #
A2, 9% 23, €74 715 43 ol AeE W2 oy A 7H8A
o] Y= Ao Z TIAsgtHMelin et al., 2014).

3. oA AvEF

AU F oA AHFS A7 AFEA7ZE SHH 7| ZHA
ZF(BMR, Basal Metabolic Rate)oll AA|&-5A<(PAL, Physical
Activity Leve)E #oto] Aottt AA 5 A= ACSMOlA] A
AlgE AR 715 Farstylon, ol 24 AHEK(1.0~1.39), AEs
(1.4~1.59), 2F2(1.6~1.89), "i-f- ZF2(1.9~2.5) 2.2 7€t
E Ao 7R AEE A9 T IS vhdsto] -
54 H3o] digst= 1.9 & &85t th(Fao, 2005; Rodriguez
et al., 2009).

4. 410] 43 24}

AJo] 43 2AH 1319] 49 59 16238 229, 279 A% 9
& 15 o] F 25 FQl 649 5URH 117K E 247 797L, F 23]
o 23 AAlstgon, 24417 40| 21/dH(24-hour dietary recall)
& 53 ololzie}. ZAjol A 24412k 4Jo] SAo] chet BES
AABkgom, A5 Alo] HHIE AR P S5 9
off ZAIZE S ATHRES AR BE 249 AHRE AFH S
2 ZGsto] AFANA A& sttt g ARl AA=E 4o
AF B0 BxARE ZEsieith

Alo] HH BAL AE/ME 4% B7F T2 13(Computer Aided
Nutritional analysis program ver 6.0, $H=+9gs}s])E o|-835}o]
BT} LS Vo] o 9 v A RS B4

Y L5

A% BR(Fig. DL 174 o] HF 24 B2 o|F vz e
el gAstgon, oix 99 F84, BES H4o) 47 %
A71EE A% ke 2 VPl AT AFYHF, 9% 47
7t 74718 2 8ol n|x|t 95 59| i8] myw ik

A A

BE A= SPSS 27.0(BM Co., USA)E o]-g3to] #4351t 41
AA BT G4 HFFL P37 F2HHMean+SD)E A A5}
Qom, wro oqA] 7HgALS MEEAS At 4% T8
02 A 5 2ol AZs] Ao HSHE -HH(oaired t-tes) S
AAJstoltt. BAIA ol ¢=.052 445t

kjss.sports.re.kr

Fig. 1. Sports nutrition education for korean national female handball
players

i e L
oA 7H84 AUE BF

oz HEE A7FHNE A5 olvA 7H4E BrHst A1
Aol Foft A4 168 F LEAF-Q £3 84 ooz f3+
2 BE2H Ael 69Y(37.5%) 02 YERTE AR EE oY
5 ATEY, B4 FEAA 108(62.5%), A FEA 1
(75%), ¥74 715004 28(12.5%)°] 2+ L= BRI
(Fig. 2).
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(Table 2)= I
o Ae2 1S A
o2 Wgstg oy EAHoRE Fost Aol YEREA] &gttt
(p=0.912). AAFFL 1L A 51.91+£8.54kgo A L F 52.46
t 8.53kgO & R95HA 75t 2™ (p=0.039), FTATLTF ET
29.00+4.95kgol A 29.40+4.95kgC & Z7}5le] EAA O {9
3AtH(p=0.010). ¥, AAFF ¥4 A 15.63+5.71kgoA I
5 % 14.81% 6.02kg2 & FYJ5A 45t 1(p=0.019), AIA
E P4 22.65+5.08%0014 21.47+5.75%2 G-9J3t 47} Sl H
AtH(p=0.015). 3HH, 7| ZHAFR(IS A 1477.10+107.41kcal
— 78 T 1491.13+ 184.16kcal, p=0.506), &% oA AH|F
(S A 1312.61+109.92kcal — ¥ & 1342.01+165.74 keal,
p=0.234), & 4L oA A8|HALS A 2806.46+204.06kcal —
T8 T 2833.14£349.90 keal, p=0.506)& HE W& Z-3 89
gk 2ol 7} VFERLEA] 3okt

A& A5 g A A4S vlad 2ol
6 1 6
o
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Fig. 2. Risk classification(%) based on LEAF-Q cut-off score (n=16)
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Table 2. Comparison of body composition before and after nutrition education

Variables Before After t )4
Weight (kg) 67.46 + 12.89 67.50 +12.98 0.112 0.912
Fat-free mass (kg) 51.91 £ 8.54 52.46 +8.53 -2.263 0.039*
Skeletal muscle mass (kg) 29.00 +4.95 29.4+4.95 -2.928 0.010*
Fat mass (kg) 15.63 £5.71 14.81 +6.02 2.629 0.019*
Body fat (%) 22.65+5.08 21.47+5.75 2.753 0.015%
Basal Metabolic Rate (kcal) 1477.1 £ 107.41 1491.13 £ 184.16 -0.681 0.506
Exercise Energy Expenditure (kcal) 1312.61 £109.92 1342.01 £ 165.74 -1.239 0.234
Total Daily Energy Expenditure (kcal) 2806.46 +204.06 2833.14 £349.90 -0.681 0.506

Values are presented as mean =+ standard deviation
*p<.05, ¥*p<.01, ***p<.001

B o] 439 Azt

(Table 3) 3=t ozt HEE F7HHE A4S JFuS
o B OﬂLM 9 JYA AFHTFE AT Aotk B olvA A3
L I 1S A 2422.17+ 363.27kcalolA L& F 2533.26+
318.31kcalZ 750U, BAHCRE FoJgt Atol= YEpA] oF
AtH(p=0.3106).

OFddA HF9 HstE duEY, S@5stE AT 1S
A 4.50+1.16g/kg/dolA & & 5.29i0.94g/kg/d§ 59
SHAl S715H A tH(p=0.006). ¥ Tl HHFS w8 A 1.54
+0.40g/kg/dolA T8 F 1.26+0.22g/kg/d= T,-.Jo}ﬂ] N
6}%%—0 007). A% A& 18 A 31.90+£6.27%NA o
& & 29.68+3.38%= Wopp oyt BAHOR FostA] okt
(p=0.238).

o]FG A 9] A9, Bletl D ¥ o] 18 A 1.074£0.42mg

oA W& F 1.01+£0.41mgO 2 ZAsIg oL EAFHoR §9]
gk 2ol YUATHP=0.649). L& HHFS 512.631144.73mgNA
389.89+136.16mg (p=0.004)2.& & AHHFL 11.57+3.57mgoll
A 9.25+ 0.77mg (p=0.012)2.& 8-2J5}A Z4st3ict.

Fa Kjo] 432 s}

(Table 4)& 3= ozt =L F7iE ALE] J¥usS A%
F2 g AR 2 FUA AFHFS A Aolnh. Hi oA
AF TS 18 A 1879.82+691.72 kealollA W8 & 2685.81+
477.66kcalZ F-2JstA 57kt thH(p=0.001).

OFIYA HHE ATEY, BaestE dHH 3.2011.31g/
kg/dollA 5.91+1.75g/kg/d&2 FA F7lsto] BAHCRE {3t
2to]7F YERTHp(0.001). Tl AL 1S 7 1.03+0.34g/

kg/dolA IS 5 1.25+0.23g/kg/dE Z7}5191oH, o] HIl= &
AH oz 959 tHp=0.045). ¥, A8 HHE&2 75 A 36.93
+5.90%004 T & 29.23+4.77%F ZHAstgon, ol B4 4

22 oIt A9itHp=0.001).

Ll ‘”‘0% 459} A9, HlEYl D 52 7% A 0.95+£1.08mg
oA TE& F 1.09+0.94mgo 2 W3lstg ot KolshA] 9ot
(p=0.710). Z% HFFS 445.88+293.36mgolA 307.80+
105.11mgl & ZAste AFS BHot EAZFoR Tl"-’]O]'Z] o}
UtHp=0.099). E HHF Al I A 9.33+5.02mgollA 1
8.13+1.37 mgl & A5ty o §-9]8t Ajol= gi(;)iq—(p 0. 325)

Table 3. Comparison of weekday dietary intake before and after nutrtion education

Variables Before After t P
Energy intake (kcal) 2422.17 +£363.27 2533.26 +318.31 -1.038 0.316
Carbohydrate (g/kg/d) 4.50+1.16 529 +0.94 -3.191 0.006**
Protein (g/kg/d) 1.54+0.40 1.26 +£0.22 3.123 0.007%**
Fat (%) 31.90 £ 6.27 29.68 +3.38 1.230 0.238
Vitamin D (mg) 1.07 £0.42 1.01 £0.41 0.465 0.649
Calcium (mg) 512.63 +144.73 389.89 +136.16 3.358 0.004**
Iron (mg) 11.57 £3.57 9.25+0.77 2.861 0.012%*

Values are presented as mean + standard deviation
*p<.05, ¥*p<.01, ¥**p<.001
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Table 4. Comparison of weekend dietary intake before and after nutrtion education

Variables Before After t P
Energy intake (kcal) 1879.82 £ 691.72 2685.81 £477.66 -4.211 0.001**
Carbohydrate (g/kg/d) 320+1.31 591+1.75 -5.732 0.000%**
Protein (g/kg/d) 1.03 +0.34 1.25+0.23 -2.190 0.045%
Fat (%) 36.93+£5.90 29.23+4.77 3.915 0.001**
Vitamin D (mg) 0.95+1.08 1.09 +0.94 -0.379 0.710
Calcium (mg) 445.88 +293.36 307.80 + 105.11 1.758 0.099
Iron (mg) 9.33+5.02 8.13+1.37 1.018 0.325

Values are presented as mean + standard deviation
*p<.05, ¥*p<.01, ***p<.001

= o
—_

£ At g o AEE ASE e R ovA 7H84(EAZ
FF AH AHE Brioly, 22 JF 1S 9 aTE £4
sttt 11 A3, AeE2 Ao oyA] JHEF F50 E2
o] 7FHEALEAE B oH, ol AF Aol Bid g A
Z2 A5 AUA E5E 47 Ytk Miralles-Amords,
Asencio-Mas, et al., 2023; Arnaoutis et al., 2024).

o7 7HEHe el 715g fART AS TRse oA
goz, 4d 47 UATY £F0E snHE ATl &
ol AATFOoR U goz A&ESrH(Loucks et al., 2013;
Loucks, 2020; Areta et al., 2021; Cabre et al., 2022; Kelly &
Hecht, 2022). & A7olA A&d A4EY ovA 71845 41
S o] AA| A429] 81.25%7F 30kcal/kg FFM/day® WEFTE. o]
= Z2 o HEE A5 219 YR oyA] 7184S Bagt
Miralles-Amorés, Asencio-Mas, et al.(2023)2] A+ Axtel A
gtk LEAF-Q &4 23 2 A tollA] 4349 A47t Sl e s
EREAET, E0] 9 S B G0l 22 HEE B,
LEAZ} A5=59] 273 47180l 8421 91 8Q1o = 283 &
U= AlALREE

22 oA 7189 FAET % A Ee AEd 2508
OISt oL x| 4]0 o) ©AYE o= J oM (Burke et al., 2018; Sim
& Burns, 2021). €97 2 # Al gofel TA0] gl Byt ofye}
A40] A7 £ FFS v-th(Kelly & Hecht., 2022).
w2ZtA] #BH EF AFHE B8 AR 7 TEle T Ae
429l SEo mfj¢ 5235t HGrabia et al., 2024). A1 AT
of w2 Qo A4jo] FRe Ak o AAo] RE Mamrt
FHH ANE Sk A0 UeRdth %, o X7ke 4 B 9 o
B foiAe At AR oA Axx JoF w85 AlFohs Aol
g Q3FcH(Tektunali Akman et al., 2024).

QU 3 FollA= HFI TR ExtFol g2l
A gsE 9 dwd A3 dF 2 AR XE
YA&S WIFE 2Tk AR Uk ol X2 ¥ Al
29 axz 4o oin U s dFiske B oA
Eou, a9l 2 AHFS AFE SSMAY 249 ES
B g feHEA A (Jenner et al., 2019)9F AEE A4=9] 2l0] &

(]

I
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TS A JF E4FS HsE A9 (Arnaoutis et al., 2024)
o] Ao} Yotk TS & AoA= HIE D, 2w, E 5 F8
FFFE HH BF GA ERIEGoH, ol HEE M54 H]
Yl D, Z, Ao 2¥E Bust A9 Aer Xt Mora-
Fernandez et al., 2022).

FQ vFIFAQI HEH D= 2EE 75 9 19 75 (Miraj et
al., 2019; de La Puente Yagiie et al., 2020; Harju et al., 2022),
a2 245 9 29 fA(Kunstel, 2005; Cormick & Belizan,
2019; Toamah et al., 2021; Chauhan, 2022; Ghazzawi et al.,
2023), B Ak 25 9 ol R] Yato] Fefgtth(Alaunyte et al.,
2015: Keller et al., 2024). o= AYE 5445 47 8 5
g 4 5 gao] Aoy, F-E &L el 35S 3
5t7] 915 w9 F8s5tct.

T2 HlEE] D 4lo] AT 2= RTS 50517 oY
9] il -Zo] "WAHo|H(Kucan et al., 2018; Benedik, 2022;
Barsan et al., 2023), AW 5 449 4% 249 9¥o] o =2
Z 02 YePdtHOgan & Pritchett, 2013; Wyatt et al., 2024).
B3t g2 gFEY o 254deEC] 49 AR olskE 3
st ol= g4 eAge] Bl ¥ &
d U8EY Bdo] Qe ZCoR B1HI lom(Holtzman &
Ackerman, 2021; Ishizu et al., 2022),

Ak, A £, 974 522 H Ay o] o, o= Ftj4t
2475 720} 40 52 A2 olojd 4 kR BaHT 9t
(Smith, 1995; Parks et al., 2017; Pedlar et al., 2018; Castell et
al., 2019; Keller et al., 2024; Tsukahara et al., 2025). ©°]&|gt
ofg] Ag ATES ATHE o & A+9 A= st I A4
#ak o}, JFAY #FA HFH Aol A HAejoA] DAY

% 9tk

s
flo
o |
ox
r_>I:
i
10
é
o
s

A5 Qltk(Molina-Lopez et al., 2013; Boidin et al., 2021;
Jayawardena et al., 2025). & oA = IF w80 a3 &

SETh AA 449 B, I S A vstEE o AR
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oA thﬂ"ﬂ(P( 05) 344 #iskE stk
FY 15 T FY GFIeAL A3 #ste B9, gedkE A
I g 5 {95t F7tste] B ol ZE6kalth(p<0.01).
A AFH v fgacte] A% Fo Egotilod, SAHCRE
FoIek Zpol= UEhA] gttt 94 1& & 3T T dda A
= B3E AT v 2R Rt STkl I ol &
Dot TH(p<.000). G A3 F T3 FotA S7oto] EF ==
o] ZEsIATH(p<.05). AR HAFH HlE&2 F-YotA Haste] &
ol = SHTH(p<.01).
o|e} 2 A= IF IS MY F A5EL AsH NS By
T A3 A7 (Boidin et al., 2021)2F 4G 75 Y o]F HApEe
o] 439 -9u]gt MAS H 13t A7 (Terenzio et al., 2021)9]
Artel AR} wEbA AN E FFYA AN Y
& MY B aE %L?l?l—’F ARt
v B o AFHEY A 1 S Holudl ggteut
11-40}7‘1 dasioltt. ol B4 & ]‘—‘V AF ol ol Hekrt
O &g A FFo] [R5l S ol whek Al e
@H%O] Fatt 208 AzHE gebd FFole & oluA AdH
F 57t I o dGaE AHFES 2233 AAE T 2
[ 207 HRlrh 3, nFFdAa HHY A M 27t ver
WA gkgkow, ol= Sanchez-Diaz et al.(2020)9] H|A A 1ol A
H= vle} Zo] YAFAQ] Alojuto 2= =BG} H|ely] D, Zrs, &
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