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The Comparison of Dietary Intakes
Between Adolescent Swimmers and

Sedentary Peers

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  The aim of this study was to compare dietary intakes between adolescent swimmers and
sedentary peers (control group). MMaatteerriiaall  aanndd  MMeetthhooddss::  This cross-sectional study examined 46 adolescent swim-
mers (10.9±1.99 years, %41.3 male) and 102 age- and sex-matched controls (10.6±1.98 years, %41.2 male). All of
the adolescents completed 3-day food records. Height, body weight, and triceps skinfold measurement was
recorded for each adolescent. Adolescents’ recorded their 24 hours exercise program and physical activity details
were and total energy expenditure was calculated by multiplying physical activity level by basal metabolic rate.
The values obtained for energy and nutrient intakes were compared with dietary reference intakes (DRIs) and
American Heart Association (AHA) recommendations. RReessuullttss::  Swimmers had higher body weights, heights,
body mass indexes, and smaller triceps skinfolds compared with the control group (p<0.05). The mean difference
between the energy intake and total energy expenditure was significantly higher in swimmers than it was in con-
trols (p<0.05). In addition swimmers consumed significantly more energy, carbohydrate, protein, fat, cholesterol,
saturated fat, and fluid than controls (p<0.05). However, carbohydrate and protein intakes were not significantly
different between the groups when expressed as per kilogram of body weight per day (p>0.05). Total fat, saturated
fat, and sodium consumption of adolescents exceeded the AHA recommendations. In both groups, the fluid, fiber,
and calcium consumptions were below than the AHA recommendations, the sodium consumption was above
them. Mean intakes of thiamin, riboflavin, vitamin E, and vitamin B12 were significantly higher in swimmers.
With the exception of niacin (90% DRIs) and folate (94% DRIs), all vitamin intakes were above the DRIs for
swimmers. In controls, however, thiamin, niacin, vitamin E, and vitamin B12 were under the DRIs. CCoonncclluussiioonn::
The results of this study indicated nutrient inadequacies and unbalances among adolescent swimmers and seden-
tary peers. Swimmers should be encouraged to consume low-fat foods, dense meals with high carbohydrate nu-
trients and increase their intakes of fluids and dairy products.

KKeeyy  WWoorrddss::  Athletes, adolescent, nutrition, swimming

ÖÖZZEETT  AAmmaaçç::  Bu çalışmanın amacı, adolesan yüzücüler ile hiç spor yapmayan yaşıtlarının (kontrol grubu) diyet
tüketimlerini karşılaştırmaktır. GGeerreeçç  vvee  YYöönntteemmlleerr::  Bu kesitsel çalışma, 46 yüzücü adolesan (10.9±1.99 yaş,
%41.3’ü erkek) ile yaş ve cinsiyet açısından eşleştirilmiş 102 adolesan (10.6±1.98 yaş, %41.2’si erkek) üzerinde
yapılmıştır. Adolesanlar 3 günlük besin tüketim kaydı doldurmuşlardır. Adolesanların boy uzunluğu, vücut ağırlığı
ve triseps deri kıvrım kalınlıkları ölçülmüştür. Günlük antrenman ve fiziksel aktivitelerini kaydetmişler ve toplam
enerji harcamaları, fiziksel aktivite düzeyi ile bazal metabolik hızın çarpımından hesaplanmıştır. Enerji ve besin
öğelerinin tüketim durumları Diyet Alım Düzeyleri (DRI) ve Amerikan Kalp Birliğinin (AHA) önerileri ile
karşılaştırılmıştır. BBuullgguullaarr::  Yüzücülerin vücut ağırlığı, boy uzunluğu, beden kitle indeksi değerleri kontrol
grubundan daha yüksek iken, triceps deri kıvrım kalınları daha düşüktür (p<0.05). Enerji alımı ve harcaması
arasındaki fark yüzücülerde kontrol grubundan daha yüksektir (p<0.05). Ayrıca yüzücüler kontrol grubundan
daha fazla enerji, karbonhidrat, protein, yağ, kolesterol, doymuş yağ ve sıvı tüketmektedir (p<0.05). Fakat
yüzücülerin karbonhidrat ve protein tüketim miktarları, vücut ağırlığının kilogramı başına gram olarak
verildiğinde iki grup arasında fark yoktur (p>0.05). Adolesanların toplam yağ, doymuş yağ ve sodyum tüketimleri
AHA önerilerinin üzerindedir. Her iki gruptaki adolesanların sıvı, posa ve kalsiyum alımları AHA önerilerinin
altındayken, sodyum tüketimleri AHA tarafından önerilen miktardan daha fazladır. Yüzücülerin diyet tiamin,
riboflavin, E ve B12 vitaminleri tüketim ortalamaları, kontrol grubundan daha yüksektir. Yüzücülerin niasin
(%91 DRIs) ve folat (94%DRIs) hariç diğer vitaminleri tüketim miktarları DRIs üzerindedir. Kontrol grubunda
ise tiamin, niasin, E ve B12 vitamin tüketimleri DRIs altındadır. SSoonnuuçç:: Bu çalışmanın sonuçları, yüzücü
adolesanlar ve hiç spor yapmayan yaşıtları arasında besin öğeleri yetersizlikleri ve dengesizlikleri olduğunu
göstermektedir. Yüzücülere düşük yağlı besinler ile yüksek karbonhidrat içeren enerjisi yoğun besinlerin
tükettirilmesi ve sıvı alımları ile süt ve ürünlerinin tüketimlerini artırmaları konusunda yardımcı olunmalıdır. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Sporcu, adolesan, beslenme, yüzme
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wim mers, li ke all ath le tes, re qu i re a well-ba -
lan ced di et for nor mal da ily ac ti vi ti es and de-
mands of tra i ning and com pe ti ti on.1-3 The

pro lon ged na tu re of swim ming re qu i res at ten ti on
to go od ea ting ha bits and drin king eno ugh flu ids.2

If only nor mal da ily ea ting is ma in ta i ned, the
swim mer’s nut ri ti o nal in ta ke co uld be se ve rely in-
a de qu a te.1,3 

Re se arc hers typi cally ha ve stu di ed the nut ri -
ti o nal sta tu ses of swim mers du ring he avy or pe ak
tra i ning.1,3 Un for tu na tely, be ca u se most re se arch
has fo cu sed on ado les cent and yo ung adult swim-
mers,4-6 the re re ma ins a pa u city of in for ma ti on re-
gar ding the di e tary ne eds of midd le and high
scho ol ath le tes and no nath le tes. Yo ung ath le tes dif-
fer from adults and the ir no nath le tic pe ers in im-
por tant physi o lo gi cal, me ta bo lic, and bi oc he mi cal
re gards,6,7 and the se dif fe ren ces af fect the nut ri ti o -
nal ne eds of the se yo ung ath le tes. Most chil dren
and ado les cents who are strongly com mit ted to
swim ming are not con cer ned abo ut pro per nut ri ti -
on as it re la tes to energy ba lan ce.1,3 To stay in en-
ergy ba lan ce, it is ne ces sary that a suf fi ci ent
amo unt of ca lo ri es is ea ten to ba lan ce energy ex-
pen di tu re.5 Stu di es show that energy in ta ke for
swim mers is an ave ra ge of 11% to 43% lo wer than
to tal energy ex pen di tu re.1,3,5 Whi le not all ado les -
cents fa il to con su me eno ugh mic ro nut ri ents, a sig-
ni fi cant per cen ta ge do not me et the mi ni mum
re com men da ti ons for cal ci um, iron, fo lic acid, and
se ve ral ot her vi ta mins and mi ne rals.1 Ado les cent
ath le tes might con su me mo re nut ri ents if they in-
cre a sed the ir fo od in ta ke to me et energy ex pen di -
tu res.8

Chil dren and ado les cents sho uld be en co u ra -
ged to eat well so that they re ce i ve the ade qu a te
nut ri ents for growth and sports par ti ci pa ti on.6,9 It is
the re fo re ne ces sary to eva lu a te the di e tary in ta ke
of ado les cent swim mers to es tab lish spe ci fic di e tary
gu i de li nes to en han ce the ir pe ak ath le tic per for -
man ce and ove rall he alth. The re fo re, the pur po ses
of this study we re to com pa re the di e tary in ta kes
of ado les cent swim mers and se den tary pe ers and
com pa re the ir di e tary in ta kes with the re com men -
da ti ons.

MA TE RI AL AND MET HODS

SUB JECTS

A con ve ni ent samp le of com pe ti ti ve scho ol-age
club swim mers was rec ru i ted from swim te ams in
An ka ra, Tur key. Of the 102 en rol led swim-te am
mem bers, 46 vo lun tary swim mers (41.2% ma les;
me an age, 10.9 ± 1.99 ye ars) par ti ci pa ted in this
study. The se swim mers we re com pa red with 102
age- and sex-matc hed se den tary pe ers (41.3% ma -
les; me an age, 10.6 ± 1.98) ye ars) (con trols) from
the sur ro un ding com mu nity. Inc lu si on cri te ri a we -
re go od he alth, with no known di se a se inc lu ding
di a be tes, can cer, or he art di se a se; and cur rently not
be ing on a we ight loss di et; for con trols, no vi go ro -
us exer ci sing (ie, <3 mo de ra te to vi go ro us ae ro bic
ses si ons lon ger than 30 mi nu tes a we ek) was al lo -
wed. Swim mers had tra i ned for a me an of 3.6 ±
1.74 ye ars. The me an to tal ti me spent swim ming
da ily was 1.5 ± 0.49 ho urs. Writ ten, in for med con-
sent was ob ta i ned from each swim mer and the ir
pa rents.

DI E TARY ANALY SIS

A fo od re cord was used to col lect da ta re gar ding
the di e tary in ta ke for 3 con se cu ti ve days inc lu ding
1 we e kend day. Alt ho ugh no one di e tary as sess -
ment met hod can pre ci sely me a su re di e tary in ta -
ke, thre e-day fo od re cords ha ve be en shown to be
ap prop ri a te for de ter mi ning me an nut ri ent in ta ke
of the gro up.10 Ado les cents and the ir pa rents we re
gi ven the fo od re cord and we re ins truc ted abo ut
how to re cord all fo od and flu ids con su med. Sub-
jects ga ve de ta i led des crip ti ons of con su med fo od
and drink. They re cor ded brand na mes of com mer-
ci al and re ady-to-eat fo ods; they es ti ma ted por ti on
si zes; and they re cor ded the met hod of pre pa ra ti on,
pla ce of con sump ti on, and whet her they used any
ad ded fats or oils. Ado les cents and the ir fa mi li es
met with the di e ti ci an at the end of each day; at
that ti me, the comp le ted fo od re cord was re vi e -
wed with the ado les cent (or the ir pa rents) by di e -
ti ci ans for ac cu racy and comp le te ness. The
comp le ted di et re cords we re analy zed using a
com mer ci al com pu ter prog ram (Nut ri ent Da ta Ba -
se Prog ram- BE BIS5, ver si on 616000, 2006, Ger-
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many). The ado les cents’ nut ri ent in ta kes we re
com pa red with Di e tary Re fe ren ce In ta kes (DRIs)
matc hed for age and sex. Le vels of to tal fat, sa tu -
ra ted fatty acid (SFA), mo no un sa tu ra ted fatty acid
(MU FA), pol yun sa tu ra ted fatty acid (PU FA), and
cho les te rol we re com pa red with Ame ri can He art
As so ci a ti on (AHA) re com men da ti ons for the se le -
vels.11

ENERGY EX PEN DI TU RE AND ENERGY BA LAN CE

Da ta for energy ex pen di tu re we re col lec ted with
ac ti vity re cords. Ac ti vity re cords we re col lec ted
for the sa me days for which the di e tary re cords
we re kept. Ado les cents and the ir pa rents we re gi -
ven forms with which to re cord in for ma ti on, and
they we re gi ven writ ten and ver bal ins truc ti ons on
how to re cord ac ti vi ti es. Physi cal ac ti vity for
swim mers du ring prac ti ce was pres cri bed each day
by the swim ming co ach. Ta bu la ted energy costs
for the dif fe rent ac ti vi ti es we re used to es ti ma te
physi cal ac ti vity le vel. Ba sal me ta bo lic ra te was
cal cu la ted using the equ a ti on re com men ded by the
World He alth Or ga ni za ti on, the Fo od and Ag ri -
cul tu re Or ga ni za ti on, and the Uni ted Na ti ons Uni-
ver sity in 2001. To tal energy ex pen di tu re was
cal cu la ted as ba sal me ta bo lic ra te ´ physi cal ac ti -
vity le vel.

ANT HRO PO MET RIC DA TA

Ant hro po met ric me a su res inc lu ded we ight, he ight,
and tri ceps skin fold thick ness. He ight was me a su -
red with a nons tretc hab le ta pe me a su re at tac hed to
the wall. Body we ight was me a su red using an elec-
tro nic sca le (Se ca mo del, 770, Ham burg, Ger many).
Body mass in dex was cal cu la ted as kg/m2. Skin fold
me a su re ment (tri ceps) was ob ta i ned using a Har p-
en den Skin fold Ca li per (H.E. Mor se Co. Bri tish In-
di ca tors, Ltd, Bur gess Hill, West Sus sex, UK)
ac cor ding to pro ce du res des cri bed by Loh man et
al.12 Thre e me a su re ments we re ta ken at the tri ceps
(±0.1 mm) and ave ra ged. 

STA TIS TI CAL ANALY SES

All da ta we re analy zed with SPSS soft wa re (Sta tis -
ti cal Pro duct and Ser vi ces So lu ti ons, ver si on 11.0,
SPSS Inc, Chi ca go, IL, USA). The re sults are ex-

pres sed as me ans ± stan dard de vi a ti on or as per-
cen ta ges. A Kol mo go rov-Smir nov test was per for -
med to de ter mi ne the nor ma lity of the dis tri bu ti on
of the da ta. For nor mal da ta, dif fe ren ces bet we en
swim mers and con trols we re com pa red using an
un pa i red t test. For non nor mally dis tri bu ted da ta,
a Mann-Whit ney U test was used to com pa re the
2 gro ups. Va lu es for p we re 2-ta i led and we re con-
si de red sta tis ti cally sig ni fi cant at a le vel of less
than 0.05. 

RE SULTS
The physi cal cha rac te ris tics of swim mers and
con trols are shown in Tab le 1. Body mass in dex
(BMI), he ight, and we ight we re sig ni fi cantly dif-
fe rent bet we en two gro ups. Swim mers had sig ni -
fi cantly gre a ter BMIs than con trols (p< 0.05). 
The tri ceps skin fold thick ness of con trols was sig-
ni fi cantly hig her than tho se of swim mers (p<
0.05). 

Tab le 2 shows the re sults for re por ted to tal
energy ex pen di tu re and energy ba lan ce for swim-
mers and con trols. When the to tal energy ex pen -

Swimmers (n= 46) Controls (n= 102) p value

Height (cm) 146.7 ± 12.34 140.7 ± 13.83 0.001

Weight (kg) 39.6 ± 12.34 33.6 ± 9.16 0.001

BMI (kg/m2) 18.1 ± 2.12 16.6 ± 1.79 0.001

Triceps (mm) 12.8 ± 5.41 16.2 ± 2.26 0.033

TABLE 1: Physical characteristics of swimmers and
controls.

Values are means ± SD.

Swimmers (n= 61) Controls  (n= 102)

Total energy expenditure (TEE), kcal 2496 ± 705.7 1751 ± 299.1

Basal metabolic rate, kcal 1196 ± 320.4 1175 ± 156.2

Physical activity level 2.08 ± 0.18 1.49 ± 0.15

†Energy balance, kcal -604 ± 650.8 -153 ± 358.6

†Energy balance, % -17.7 ± 30.6 -7.7 ± 19.3

TABLE 2: Total  daily energy expenditure and energy
balance of swimmers and controls ‡.

Values are means ± SD,
‡p < 0.05,
†Energy balance = Energy intake-Total energy expenditure.
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di tu re of both gro ups was cal cu la ted, swim mers
we re shown to ha ve hig her to tal energy ex pen di -
tu res than con trols. The me an dif fe ren ce bet we -
en the energy in ta ke and to tal energy ex pen di tu re
was -604 ± 650.8 kcal.d-1 for swim mers 
and -153 ± 358.6 kcal.d-1 for con trols, re sul ting in
energy ba lan ces of -17.7% and -7.7%, res pec ti -
vely. 

The re por ted me ans ± SD da ily di e tary in ta -
kes of energy, mac ro nut ri ents, and per cen ta ge of
to tal energy of mac ro nut ri ents for the two gro ups
are pre sen ted in Tab le 3. The 3-day fo od re cord
sho wed that swim mers had sig ni fi cantly hig her
energy in ta kes com pa red with con trols, but swim-
mers con su med 50.2 ± 13.75 kcal.kg-1.d-1, whi le
con trols con su med 50.0 ± 13.62 kcal.kg-1.d-1 (p =
0.940). Swim mers con su med sig ni fi cantly mo re
car bohy dra te, pro te in, fat, SFA, MU FA, PU FA,
cho les te rol, and flu id than did con trols. When
mac ro nut ri ent in ta ke is ex pres sed as g.kg-1.d-1, car-
bohy dra te and pro te in in ta kes did not dif fer sig ni -

fi cantly bet we en the gro ups. In the energy con tri -
bu ti ons of the per cen ta ge of car bohy dra te, pro te -
in, and fat, the re we re no sta tis ti cally sig ni fi cant
dif fe ren ces bet we en swim mers and con trols. The
re por ted energy in ta ke from SFA was sig ni fi cantly
hig her in swim mers than in con trols (p= 0.006). In
gro ups, to tal fat and SFA con sump ti on ex ce e ded
re com men ded ma xi mums of less than 30% kcal
and less than 10% kcal, res pec ti vely (Tab le 3). Me -
an flu id in ta ke was sig ni fi cantly hig her in swim-
mers than con trols, but the amo unt of the flu id
in ta ke was less than that was re com men ded by the
DRIs. 

Me an vi ta min in ta kes are shown Tab le 4. Me -
an in ta kes of thi a min, ri bof la vin, vi ta min E, and vi-
ta min B12 we re sig ni fi cantly hig her in swim mers
than in con trols. With the ex cep ti on of ni a cin (90%
DRIs) and fo la te (94% DRIs), all vi ta min in ta kes
we re abo ve the DRIs for swim mers. In con trols,
ho we ver, thi a min, ni a cin, vi ta min E, and vi ta min
B12 we re be low the DRIs. 

Swimmers (n= 46) Controls  (n= 102) p value

Energy, kcal 1891 ± 378.7 1598 ± 358.8 0.000

Energy, kcal.kg-1 50.2 ± 13.75 50.0 ± 13.62 0.940

Carbohydrate, g 233.9 ± 64.16 203.4 ± 52.6 0.003

Carbohydrate, g.kg-1 6.2 ± 1.78 6.4 ± 1.95 0.531

Protein, g 63.9 ± 13.32 52.0 ± 16.31 0.000

Protein, g.kg-1 1.7 ± 0.57 1.6 ± 0.53 0.345

Fat, g 74.5 ± 15.37 60.2 ± 18.54 0.000

SFA, g 28.5 ± 6.97 21.6 ± 8.78 0.000

MUFA, g 25.3 ± 6.70 22.2 ± 8.62 0.037

PUFA, g 15.9 ± 5.34 11.9 ± 5.49 0.000

Cholesterol, mg 258 ± 109.3 206 ± 93.3 0.003

Fiber, g 17.7 ± 6.78 17.6 ± 5.77 0.872

Fluid, mL 1883 ± 479 1363 ± 497 0.000

Percentage of total energy

Carbohydrate, % 50.5 ± 6.06 52.6 ± 6.76 0.077

Protein, % 13.9 ± 2.19 13.5 ± 2.77 0.086

Fat, % 35.6 ± 4.85 33.9 ± 6.84 0.159

SFA, % 13.7 ± 2.95 12.1 ± 3.48 0.006

MUFA, % 12.1 ± 2.28 12.5 ± 3.59 0.415

PUFA, % 7.7 ± 2.28 6.8 ± 3.06 0.105

TABLE 3: Daily dietary intakes of energy and macronutrients of swimmers and controls.

Values are means(SD); SFA: saturated fatty acid; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid.
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The re por ted me an da ily mi ne ral in ta kes by
swim mers and con trols are pre sen ted in Tab le 5.
Swim mers ex ce e ded the es tab lis hed DRIs for all
ma jor mi ne rals me a su red ex cept po tas si um and cal-
ci um. Con trols met no ne of the es tab lis hed DRIs
ex cept for so di um. Un for tu na tely, di e tary so di um
in ta ke was not in re com men ded in ta ke le vel for the
two gro ups. Ap pro xi ma tely 91.3% of swim mers
and 100% of con trols had ina de qu a te cal ci um in ta -
kes. Whi le 73.9% of swim mers had iron in ta kes at
or abo ve that re com men ded, only 46.1% of con-
trols met re com men da ti ons (da ta not shown). 

DIS CUS SI ON
Swim ming is a very po pu lar sport in Tur key, ho -
we ver litt le da ta is ava i lab le on the nut ri ti o nal

ade qu acy of both com pe ti ti ve and rec re a ti o nal
ado les cent swim mers. Ade qu a te di e tary in ta ke is
im por tant to ma in ta in he alth, growth, and ma tu -
ra ti on for chil dren and ado les cents. Op ti mum di -
et and exer ci se in child ho od and ado les cen ce will
pro mo te an en jo yab le and he alth-pro mo ting li -
fe.8

Our re sults show that he ight, we ight, BMI,
and tri ceps skin fold me a su re ment in a lar ge sam-
p le of ado les cent swim mers was sig ni fi cantly dif-
fe rent from con trols. Tra i ning 1 or 2 ho urs per
day was shown to exert a po si ti ve ef fect of
growth and de ve lop ment in ado les cent in the
pre sent study. The tri ceps skin fold me a su re of
our swim mers was lo wer than tho se of con trols
which in di ca ted that swim mers might ha ve lar -

Swimmers (n= 46) Controls  (n= 102)

Mean (SD) % DRI† Mean (SD) % DRI†

Vitamin A, mcg RE 983.7 ± 37.5 172 ± 97.4 920.5 ± 679.2 158 ± 106.7

Vitamin E, mg 15.0 ± 6.05a 142f ± 53.3 9.9 ± 5.06a 95f ± 49.7

Vitamin C, mg 143.0 ± 9.5b 344g ± 212.4 93.8 ± 42.55b 226g ± 109.4

Thiamin, mg 0.91 ± 0.24c 106h ± 35.1 0.74 ± 0.19c 88h ± 25.4

Riboflavin, mg 1.49 ± 0.33d 173ı ± 68.2 1.0 ± 0.28d 119ı ± 33.7

Niacin, mg 10.4 ± 3.48 90 ± 31.5 9.4 ± 4.28 82 ± 36.0

Vitamin B6, mg 1.31 ± 0.27 140 ± 42.7 1.2 ± 0.32 131 ± 41.8

Vitamin B12, mcg 3.0 ± 1.52e 176j ± 96.6 1.6 ± 1.34e 97j ± 81.6

Folate, mcg 271.0 ± 8.28 94 ± 31.6 289.6  ± 95.02 102 ± 37.3

TABLE 4: Vitamin intakes of swimmers and controls, compared with recommendation.

a-j Means in the same row bearing the same superscript differ significantly (p< 0.05).
† Dietary Reference Intakes (DRIs) for 8- to 14-year-old girls and boys (IOM, 2001).

Swimmers (n= 46) Controls (n= 102)

Mean (SD) % DRI† Mean (SD) % DRI†

Sodium, mg 2193 ± 645.5 151 ± 64.0 1851 ± 751.8 128 ± 49.7

Potassium, mg 2618 ± 614.9 60 ± 21.3 2074 ± 580.5 47 ± 12.9

Calcium, mg 873 ± 220.1 73 ± 43.4 462 ± 165.8 39 ± 15.1

Phosphorus, mg 1142 ± 228.3 108 ± 60.2 806 ± 219.2 81 ± 38.8

Iron, mg 10.7 ± 2.46 126 ± 38.9 8.7 ± 2.49 99 ± 33.4

Zinc, mg 9.6 ± 1.67 131 ± 40.1 7.2 ± 2.13 96 ± 30.7

Magnesium, mg 271 ± 68.9 121 ± 46.7 187.8 ± 52.2 86 ± 34.7

TABLE 5: Mineral intakes of swimmers and controls, compared with recommendations.‡

‡p< 0.05 for all comparisons.
†Dietary Reference Intakes (DRIs) for 8- to 14-year-old girls and boys (IOM, 2001).
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ger musc le mass than con trols. Un for tu na tely,
body fat mass for both gro ups was not me a su red.
Ath le tic chil dren with a low ra ti o of body fat to
le an body mass, ho we ver, may ex ce ed the ir re c-
om men ded we ight ran ge wit ho ut be ing over we -
ight.13

Des pi te dif fe rent tra i ning lo ads and body mas -
ses, the swim mers in this study con su med 1881 ±
609 kcal.d-1 and con trols con su med 1598 ± 359
kcal.d-1. This dif fe ren ce, ho we ver, di sap pe a red
when energy in ta ke was ex pres sed as kcal/kg/body
we ight. Whi le swim mers in this study con su med
ne arly 50 kcal.kg-1.d-1, Haw ley and Wil li ams1 re-
por ted that ma le swim mers con su me 55 kcal.kg-1.d-

1 whi le fe ma le swim mers con su med 40 kcal.kg-1.d-1.
Es pe ci ally, the swim mers in this study we re mo re
in ne ga ti ve energy ba lan ce than con trols and both
gro ups did not ma in ta in energy ba lan ce. Si mi lar to
the energy ba lan ce va lu es re por ted for the swim-
mers in our study (-17.7%), ot her stu di es using the
do ubly la be led wa ter met hod with en du ran ce ath-
le tes14 ha ve re por ted me an energy ba lan ces of -32
to -35. In so me stu di es,14,15 as in our study, sub jects
ma in ta i ned the ir body we ight, des pi te the dif fe -
ren ce bet we en energy in ta ke and to tal energy ex-
pen di tu re. The ma in te nan ce of body we ight may
be exp la i ned by the un der re por ting of fo od in ta ke
by the ado les cents, un der con su ming by the ado-
les cents, or by an in cre a sed me ta bo lic ef fi ci ency of
the ado les cents. The US Fo od and Nut ri ti on Bo -
ard16 re por ted that chil dren and ado les cents ne ed
ade qu a te energy in ta ke to en su re pro per growth,
de ve lop ment, and ma tu ra ti on. The ath le tic or 
very ac ti ve child or ado les cent ge ne rally ne eds
mo re energy be ca u se of the ir in cre a sed physi cal
ac ti vity. 

A di et that gets 45% to 65% of its energy from
car bohy dra tes is typi cally ade qu a te for chil dren
and ado les cents.16 With re gard to energy so ur ce,
car bohy dra tes pro vi de, on ave ra ge, ne arly 46% of
the energy con su med by ath le tes.17 Short and
Short18 re por ted that in swim mers, 43% of the ir to -
tal energy in ta ke was de ri ved from car bohy dra tes.
A so mew hat hig her va lu e (49%) was fo und by
Smith et al19 for com pe ti ti ve fe ma le col le ge swim-

mers. In the pre sent study, the re la ti ve con tri bu ti -
on of car bohy dra tes to to tal energy in ta ke was
50.5% (6.2 g.kg-1.d-1) and 52.6% (6.4 g.kg-1.d-1) for
swim mers and con trols, res pec ti vely. Be ca u se of a
lack of re se arch, it is unc le ar whet her yo ung ath le -
tes re qu i re car bohy dra te in ta kes (per ki log ram of
body we ight per day) com pa rab le to tho se of
adults.20 Cos till and Mil ler21 re com men ded a di et
that pro vi des ap pro xi ma tely 7 g.kg-1.d-1. Our swim-
mers con su med 6.1 g.kg-1, a va lu e hig her than that
fo und by Smith et al,19 who re por ted a da ily in ta ke
of 4.7 g.kg-1 for fe ma le col le ge swim mers. Alt ho -
ugh swim mers in our study we re mo re ac ti ve than
con trols, the ir da ily in ta kes of car bohy dra te per ki -
log ram we re si mi lar.

It is ge ne rally re com men ded that adults ob ta -
in at le ast 12% to 15% of the ir di e tary energy from
pro te in.16 This re com men da ti on al so ap pe ars re a -
so nab le for the child and ado les cent ath le tes. The
pro te in con tent of ath le tes’ di ets usu ally ac co unts
for ap pro xi ma tely 14% to 16% of the ir da ily energy
in ta ke, with ath le tes in vol ved in en du ran ce sports
typi cally ha ving lo wer pro te in in ta kes than ath le -
tes en ga ged in strength or po wer events.22 In the
cur rent study, the con tri bu ti on of pro te in to the to -
tal energy in ta ke did not dif fer sig ni fi cantly bet -
we en swim mers (13.9%) and con trols (13.5%). The
DRIs re com mends a ran ge of 0.85 g to 0.95 g pro-
te in per ki log ram of body we ight for se den tary
boys and girls aged 8 to 18 ye ars.16 Li mi ted da ta is
ava i lab le on the pro te in re qu i re ments of yo ung
ath le tes.8 In most cir cums tan ces, pro te in in ta ke
will be ade qu a te if the energy in ta ke me ets the da -
ily re qu i re ments. Even in stu di es of yo ung ath le tes
who typi cally res trict energy in ta ke, pro te in in ta -
kes usu ally are ade qu a te.6 Many sports nut ri ti o nists
and exer ci se physi o lo gists re com men ded 1.5 g.kg-

1.d-1 of pro te in for the ado les cent in the midst of a
growth spurt. Smith et al19 re port an in ta ke of 1.4
g.kg-1.d-1 for fe ma le swim mers, which is al most
iden ti cal to the va lu e for fe ma le swim mers in our
study. 

The AHA re com mends that 25% to 30% of a
per son’s to tal da ily ca lo ri es co me from fats. SFA
sho uld pro vi de no mo re than 10% of the to tal da -
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ily ca lo ri es.11 In the swim mers and con trols in our
study, con sump ti on of to tal fat and SFA ex ce e ded
the re com men da ti ons. In the 2 gro ups, in ta ke of
di e tary cho les te rol was wit hin the re com men ded
di e tary gu i de li nes. Ho we ver, di e tary fi ber in ta ke
was slightly be low re com men ded le vels. In ta ke of
to tal fats and SFA ex ce e ded the re com men da ti ons.
The se ma xi mum li mits are im por tant for he alth
and ath le tic per for man ce. Ado les cents and the ir
pa rents are ad vi sed that furt her in cre a ses in fat in-
ta ke wo uld be det ri men tal. Da ily in ta kes of car-
bohy dra te sho uld be in cre a sed to a le vel that
pro mo tes op ti mal musc le glyco gen resyn the sis and
pro te in resyn the sis; fat in ta ke sho uld be dec re a -
sed so as to be be ne fi ci al for he alth and per for -
man ce.23

We al so lo o ked at the in ta kes of vi ta min and
mi ne rals con su med by the swim mers and con trols.
Ac cor ding to re se arch, most yo ung ath le tes con-
su me mo re than the ir da ily re qu i re ment of vi ta -
mins, and most swim mers con su me mo re vi ta mins
than the ir se den tary pe ers.24,25 In ge ne ral, as long
as ath le tes are me e ting the ir energy ne eds from a
va ri ety of re com men ded fo ods gro ups, the DRIs
for mic ro nut ri ents for ath le tes sho uld be met.26

Re gar ding di ets for chil dren and ado les cents, iron
and cal ci um are 2 mi ne rals fre qu ently iden ti fi ed
as be ing de fi ci ent.27 In the cur rent study, swim-
mers met or ex ce e ded the re qu i re ments for most
vi ta mins and mi ne rals, but con trols did not. In our
study, the me an cal ci um in ta ke was sig ni fi cantly
lo wer in con trols com pa red with swim mers, but
me an in ta ke for both gro ups was less than the re -
com men ded da ily in ta ke of 1300 mg. Very low
cal ci um in ta ke (< 400 mg.d-1) is de le te ri o us for bo -
ne de ve lop ment and he alth.8 Ho we ver, ha ving a
cal ci um-for ti fi ed be ve ra ge such as oran ge ju i ce co -
uld help ado les cents ac hi e ve the ir di e tary go als for
pro per in ta ke of cal ci um and ot her vi ta mins and
mi ne rals. Pu berty in cre a ses the re qu i re ment for
iron du e to in cre a ses in he mog lo bin mass, tis su e
de po si ti on, growth sup port, and on set of mens -
tru a ti on in fe ma les.2 Ele ven-ye ars-old boys par ti -
ci pa ting in 6 months in ten se en du ran ce swim
tra i ning com bi ned with cross-tra i ning ex pe ri en -

ced a prog res si ve and sig ni fi cant dec li ne in se rum
fer ri tin when com pa red with age-matc hed-non
ath le tic con trols. Such a dec li ne oc cur red des pi te
di e tary iron in ta kes that met the re com men da ti on
of 12 mg/d.28 Alt ho ugh, iron in ta ke was abo ve the
DRIs for swim mers in this study, iron sta tus de-
pends on a ba lan ce of in ta ke and ab sorp ti on ver sus
loss. 

The ob ser ved flu id in ta ke of swim mers and
con trols is be low the ba se li ne re com men da ti on. 16

Both gro ups drink eno ugh flu id, but swim mers
must rep la ce flu id los ses du ring tra i ning and
matc hes. Car roll29 re por ted that 120 to 240 mL of
flu id must be con su med every 20 mi nu tes to rep -
la ce loss from swe at du ring exer ci se. In the cur-
rent study, swim mers who tra i ned a mi ni mum of
90.9 ± 29.4 mi nu tes da ily wo uld ne ed a mi ni mum
of 540 mL of flu ids alt ho ugh exact flu id ne eds are
in di vi du al and de pend upon in ten sity and du ra ti -
on of exer ci se; body si ze; body sur fa ce are a; in di -
vi du als’ swe at ra tes; and po or en vi ron men tal
con di ti ons such as warm po ol wa ter, warm air
tem pe ra tu res, or high hu mi dity.29 Cur rent da ta in-
di ca te a short fall in da ily flu id in ta ke of ap pro xi -
ma tely 329 ± 548.3 mL for swim mers and 808 ±
523.8 mL for con trols. All ado les cents sho uld
drink eno ugh and un ders tand re com men ded re-
qu i re ments for pro per hydra ti on. Be ca u se of in-
cre a sed loss of wa ter and elec troly tes, ma inly
thro ugh swe at, flu ids are es sen ti al for he alth.30 So -
di um is an es sen ti al mic ro nut ri ent and plays an
im por tant ro le in ma in ta i ning musc le con trac ti -
on; ho we ver, ex ces si ve in ta ke of so di um can ne g-
a ti vely af fect the car di o vas cu lar system over the
long term.11 Un for tu na tely, the re sults of our
study sho wed that 89.1% of swim mers and 71.6%
of con trols ex ce e ded the AHA di e tary re com -
men da ti ons for so di um.

STRENGTHS AND LI MI TA TI ONS

This study in ves ti ga ted nut ri ent ade qu acy among
ado les cent swim mers and se den tary pe ers, an are a
in the li te ra tu re in which the re are few da ta. This
study was do ne with ado les cents in only 1 ma jor
met ro po li tan are a, which li mits ex tra po la ti ons to
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ot her po pu la ti ons. Alt ho ugh fo od re cords are an
ex cel lent way to as sess the nut ri ent in ta ke of dif fe -
rent po pu la ti ons, no one di e tary as sess ment tech ni -
qu e can pre ci sely as sess ever yo ne’s in ta ke.
Alt ho ugh the ado les cents and the ir pa rents in the
pre sent study we re highly mo ti va ted and de di ca -
ted in di vi du als, ea ger to un ders tand how to im pro -
ve the ir per for man ce thro ugh pro per nut ri ti on,
er rors may ha ve oc cur red du ring the re por ting of
the ir di e tary in ta ke.

CONC LU SI ON
Be ca u se di e tary ina de qu a ci es we re de tec ted for all
the par ti ci pants in this study, it is cle ar that all ado-

les cents ne ed help to me et the di e tary re com men -
da ti ons for op ti mal he alth and per for man ce. Alt -
ho ugh all of the ado les cents in our study had
suf fi ci ent pro te in in ta kes, a ne ga ti ve energy ba lan -
ce will ca u se pro te in to be used as a subs tra te for
energy rat her than for synthe si zing le an tis su es. In
ad di ti on, all of the ado les cents’ di ets we re hig her
in fat and SFA than what is re com men ded, and di -
ets high in fat and SFA are as so ci a ted with in cre a -
sed risk of co ro nary and vas cu lar di se a se.11 Tho se
who par ti ci pa ted in this study wo uld be ne fit from
le ar ning mo re abo ut nut ri ti on; this know led ge wo -
uld en han ce the ir growth, he alth, and ath le tic per-
for man ce.
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