
ARCHIVOS LA TIN O A M ER IC A N O S DE NU TRICIO N
Organo Oficial de la Sociedad Latinoam ericana de Nutrición Vol. 55 N° 4, 2005

R elationsh ip  betw een calcium  intake and body  
m ass index in ado lescents

L uana  C a ro lin e  dos Santos, L ig ia  A raú jo  M a rtin i, Isa  de P ád ua  C in tra , M a u ro  F isberg  

F ederal U n iv ersity  o f  S ao  P au lo . Sao  P au lo , B rasil

SUM M ARY. Epidem iologic and experimental data support the 
possibility that dietary calcium intake plays a role in human body 
weight regulation. The aim o f  the present study was to evaluate 
calcium intake and its relationship with body mass index (BMI) in 
adolescents. Weight, height, 3-day food record and a food frequency 
questionnaire were collected among all adolescents participants at 
the Outpatient Clinic for Adolescents at the Federal University o f  
Sao Paulo between 2001 and 2003. The statistical analysis comprised 
Chi-square, Student’s T-test, Pearson correlation and linear regression. 
One-hundred and tw enty-one adolescents were studied (62.8%  
female), with a mean age o f  14.9 ±2.2  years old. Mean energy and 
calcium intakes were 1729.9±557.8 kcal/day and 598.2±287.9 m g/ 
day respectively, with no significant statistical differences between 
sex or age. Almost ninety-eight percent o f  adolescents presented a 
mean calcium intake lower than proposed values. Calcium intake 
adjusted for energy presented a significant negative correlation with 
body weight (r=-0 .194, p = 0 .03) and BM I (r= -0 .185, p=0.04). 
Furthermore, adolescents in the lowest quartile o f  calcium intake 
presented higher BMI (29 .7±7.4  kg/m 2) than adolescents in the 
highest calcium quartile. These results indicated a dietary calcium  
intake low er than recom m endations for this life  stage, and a 
contribution o f  this mineral in the body mass index.
Key-words: Adolescents, calcium, body weight, obesity.

R E SU M O . R elaçâo entre a ingestâo de cálcio e o indice de m assa 
corporal em  adolescentes. Estudos epidemiológicos e experimentáis 
evidenciam a possibilidade da participaçâo do cálcio com a regulaçâo 
do peso corporal. O objetivo do presente artigo foi avahar a ingestâo 
de cálcio e sua relaçâo com  o indice de massa corporal (IMC) em 
adolescentes. Foram coletados o peso, a estatura, um registro 
alimentar de très dias e um questionário de frequência alimentar dos 
adolescentes atendidos, entre 2001 e 2003, no Centro de Atendimento 
e Apoio ao Adolescente da Universidade Federal de Sâo Paulo. A 
análise estatistica incluiu teste Qui-Quadrado, t-Student, correlaçâo 
de Pearson e regressâo linear. 121 adolescentes (32,8% meninas), 
com uma média de idade de 14,9±2,2 anos. O consumo de energía e 
c á lc io  fo i de 1 7 2 9 ,9 ± 5 5 7 ,8 k c a l/d ia  e 5 9 8 ,2 ± 2 8 7 ,9 m g /d ia ,  
respectivamente, sem diferenças estatisticas entre os sexos e idade. 
Aproximadamente 98% dos adolescentes apresentaram una média 
de ingestâo de cálcio inferior aos valores propostos. A ingestâo de 
cá lcio  ajustado pela energía proveniente da dieta apresentou  
correlaçâo negativa significante com  o peso corporal (r:-0,194, 
p=0,03) e com o IMC (r:-0,185, p=0,04). Além disso, adolescentes 
no menor quartil de ingestâo de cálcio apresentaram IMC superior 
(29,7±7,4kg/m 2) quando comparados aos adolescentes no maior 
quartil de ingestâo de cálcio. Os resultados demonstram uma ingestâo 
de cálcio inferior as recomendaçôes para essa fase da vida e uma 
possível contribuiçâo deste mineral para o índice de massa corporal. 
P alavras chave: Adolescentes, cálcio, peso corporal, obesidade.

I N T R O D U C T I O N

C a lc iu m  is  g e n e r a lly  c o n s id e r e d  a k e y  e le m e n t  fo r  
m aintaining b o n e  m ineral h o m eo sta s is . N e w  e v id en ce  and  
review  o f  earlier stu d ies supports the v ie w  that ca lc iu m  also  
plays a ro le  in a d ip ocyte  lip id  k in etics  at the cellu lar  lev e l and 
in m o d e r a tin g  fa tn e s s  at th e  p o p u la t io n  l e v e l .  W ith in  
a d ip o cy te s , in tr a ce llu la r  c a lc iu m  le v e l  a lter  th e  b a la n ce  
betw een lip id  syn th esis  and b reak d ow n , fa v o r in g  lip o g en es is  
w hen c y to so lic  ca lc iu m  le v e ls  are h ig h  (1 ). N a tio n a l H ealth  
and N utrition  E xam ination  S u rv ey s I and III both  prov id e  
cross-sectiona l ev id en ce  fo r  an in v erse  a sso c ia tio m  b etw een  
calcium  intake and b od y  m ass in d ex  (B M I; k ilogram s per 
square m eter ) ( 2 ,3 ) .  T h e se  p o p u la t io n  o b s e r v a t io n s  are  
supported by retrospective  a n a ly sis o f  a num ber o f  data sets 
that inclu ded  ca lc iu m  intake in form ation  and, in so m e  cases,

lo n g i t u d in a l  a d m in is tr a t io n  o f  c a lc iu m  as p a rt o f  an  
osteo p o ro sis  trial (4 ).

B o th  the m ech a n ism  and m agn itu d e o f  the ca lc iu m -b od y  
w eigh t e ffec t rem ain uncertain. O ne theory, proposed by Z em el 
et a l., is that lo w  ca lc iu m  in take stim ulates d ih ydroxy  vitam in  
D  and P T H  and that, in  turn, th ese  ca lc itro p ic  c ircu latin g  
su bstances stim ulate a d ip o cy te  ca lc iu m  uptake (3 ). A s noted, 
high intracellular ca lc iu m  le v e ls  prom ote lip o g en is  and inhibit 
lip o ly s is . T he theory  su g g es ts  that dietary ca lc iu m  increases  
lip o ly s is  and preserves th erm o g en esis , thereby accelerating  
w eig h t lo ss . In tracellu lar C a2+ has a k ey  ro le  in regu lating  
a d ip o cy te  lip id  m e ta b o lism  and tr ig ly cer id e  storage, w ith  
increased intracellular Ca2+ resu lting in stim ulation o f  lip ogen ic  
ex p r ess io n  and  lip o g e n e s is ,  su p p ress io n  o f  lip o ly s is , and  
ad ip osity  (1 ). It is  a lso  su g g ested  that the increased  calcitrio l 
released  in resp on se  to lo w -c a lc iu m  d ietsm ay  contribute to

345



346 DOS SANTOS e t al.

the C a2+  in flux  in hum an a d ip o cy te s and a d ip osity  (5 ). A  
seco n d  potential m ech an ism  in v o lv e s  stim ulation  o f  increased  
fecal energy losses due to form ation o f  nonabsorded c o m p lexes  
o f  ca lc iu m  and fat (6 , 7).

M ost studies that have reported the relation betw een dietary 
ca lc iu m  or dairy prod u cts and in d e x e s  o f  a d ip o sity  w ere  
c o n d u cted  in adults; fe w  stu d ies  h a v e  b e e n  co n d u cted  in  
children and a d o lescen ts (4 ,8 ,9 ) . T o  date, o n e  study recen tly  
r ep o r te d  n o  r e la t io n  b e tw e e n  d ie ta r y  c a lc iu m  or d a iry  
c o n su m p tio n  in  a lo n g itu d in a l a s s e s sm e n t  o f  a d o le sc e n t  
fem a le s  (10 ).

O b esity  is increasing  at a d o le sc en ce  and it is a critical 
period  for im plem entation  o f  g o o d  ea tin g  habits. C on sidering  
the lack o f  data regarding the rela tion sh ip  b etw een  ca lc iu m  
and b od y  w e ig h t during this per iod  o f  l ife , the present study  
w a s p erform ed  to further in v e stig a te  the rela tio n  b e tw een  
ca lc iu m  and the b od y  w e ig h t o f  a d o lescen ts.

M E T H O D S

S a m p le
R e tr o s p e c t iv e  s tu d y  b a se d  o n  th e  e v a lu a t io n  o f  a ll 

a d o le s c e n t s  p a r t ic ip a n ts  in  th e  O u tp a t ie n t  C l in ic s  fo r  
A d o lescen ts  (C S C A ) b e tw een  2 0 0 1 -2 0 0 3 . C S C  A  is a pu blic  
se r v ic e  fo r  d ise a se  p r e v en tio n  and  h ea lth  p r o m o tio n  fo r  
ad o lescen ts in  Sao P au lo  c ity , B razil. M o st o f  a d o lescen ts  
a tte n d in g  C S C A  w e re  lo o k in g  fo r  d ie ta r y  c o u n s e l l in g  
(u n d e r w e ig h t  and  s p e c ia lly  o b e s ity )  or  g e n e r a l m e d ic a l  
evaluation . A d o lescents w ith in com p lete  data (1 6 ), im plausib le  
daily  en ergy  intake (<  5 0 0  kca l or >  5 0 0 0  k ca l) (2 3 ), eatin g  
d iso r d e r s  (a n o r e x ia  or  b u l im ia )  (4 )  o r  ta k in g  c a lc iu m  
supp lem ent (1 ) w ere exclu d ed . A  total o f  121 ad o lescen ts from  
10 to 18 years o ld  participated  in  the stu dy . N o n e  o f  them  had  
m etab o lic  disorders that m ig h t a ffec t ca lc iu m  absorption or  
b o d y  w eigh t. T h e  research w a s co n d u cted  w ith  the approval 
o f  eth ica l co m m ittee  o f  the F ed era l U n iv ersity  o f  S a o  P aulo .

Anthropometric assessment
W eig h t and h e ig h t w ere  c o lle c te d  from  th e  participant's  

m ed ica l records, w h ich  w ere  carried  o u t  b y  trained health  
w orkers. W eig h t w as m easu red  to  the nearest 0 .1  k g  usin g  
Filizolla®  sca le . H e ig h t w a s m easured  w ith o u t sh o es  to  the  
nearest 0 .1  w h ile  the su bjects s to o d  in  bare fe e t  against a w a ll- 
m oun ted  stad iom eter. T h e  eq u ip m en ts u sed  w a s tested  and  
calibrated  at freq uent in tervals (1 1 ) . B o d y  m a ss ind ex  (B M I)  
w a s ca lcu la ted  as w e ig h t (k g ) d iv id e d  b y  h e ig h t squared (m 2). 
N u tritional status c la ss if ica tio n  w a s perform ed  accord in g  to 
W H O  ( 1 9 9 5 ) ,  b a s e d  o n  th e  M u s t  e t  a l  c r i t e r ia  ( 1 2 ) :  
u n d erw eigh t =  p ercen tile  <  5  fo r  B M I/a g e; norm al w e ig h t =  
p ercen tile  b e tw een  5  and 85 ; o v e rw e ig h t =  p ercen tile  >  85  
and <  95; and o b esity  =  p ercen tile  > 9 5 .

Dietary assessment
C alc iu m  and en erg y  in take w ere  a ssesse d  by a  three-day 

fo o d  record, ob ta ined  in  three n o n -co n secu tiv e  days. D ata was 
an a ly zed  b y  V irtual N utri 1 .0  so ftw a re  (1 3 ) . T h e  nutrient 
ad eq u a cy  w a s  c o m p a r ed  to  p r o p o se d  v a lu e s  by D ietary  
Reference In takes  (1 4 ,1 5 ) .

Q ualita tive  a sse ssm e n t o f  the ca lc iu m  rich  fo o d s present 
in the d iet o f  a d o le scen ts w a s perform ed  by a  fo o d  frequency 
q u estion naire  adapted from  S la ter  et a l  (1 6 ) that a ssessed  the 
fo o d  co n su m p tio n  during the p reced in g  6  m onth  period.

S ta tis t ic a l a n a ly s is
D ata  a n a lysis w as perform ed w ith  S P S S  10 .0  (S P S S , Inc. 

C h icago , IL , U S A ) (1 7 ). V ariab les d istribution  w as verified 
by K o lm o g o ro v -S m irn o v  test. C h i-square test w as m ade to 
v erify  a sso c ia tio n s b e tw een  nutritional status and sex or  age 
groups. T o ex a m in e  the rela tion sh ip s b etw een  calcium  intake 
and e n e r g y , and c a lc iu m  in ta k e  and  B M I, th e  Pearson  
co rrela tio n  te st  w a s p er fo rm ed . A d d it io n a lly , a  o n e  way 
a n a ly s is  o f  v a r ia n ce  w a s  u sed  fo r  m u ltip le  com parisons  
betw een  the quartiles o f  ca lc iu m  intake based on  T u k ey 's test. 
S ta tistica l s ig n if ic a n c e  w a s d e f in e d  as p < 0 .0 5 . D ata  are 
ex p ressed  as the m ean and standard d ev ia tion .

C alciu m  intake w as adjusted  for  en erg y  in take by residual 
nutrient m eth od  as reco m m en d ed  b y  W ille t &  Stam per (18). 
T his m eth od  relies  on  the resid u a ls from  the regression  o f  
nutrient in take on  total en erg y  intake.

RESULTS 

Sample
T h e  sa m p le  w a s c o m p o se d  b y  7 6  fe m a le  and 45  male. 

T h e m ean  a g e  w a s 1 4 .9 ± 2 .2  years o ld  in  the overall sam ple, 
w ith  a  statistically  s ig n ifican t d ifference  b etw een  sex  (14.1±2.3  
vs 1 5 .4± 2 .1  p = 0 .0 0 1 , m a le  and fem a le , respectively). N o  direct 
a sse ssm e n t o f  p u b erty  (m a tu r ity  se x u a l)  w a s perform ed. 
H o w ev er , s in c e  there are m any  p h y s io lo g ic a l and m etabolic  
d ifferen ces du rin g  pubertal d e v e lo p m en t w h ich  are stronger 
in the b eg in n in g  o f  a d o le sc en ce  (1 9 ) ,  the sa m p le  w as divided  
in  tw o  ca teg o r ies a cco rd in g  to  age: 1 0 -1 3  y  and 14-18  y  (14),

Anthropometric evaluation
T h e anthropom etric characteristics o f  the study population  

are presen ted  in  T a b le  1. T here w ere  sta tistica lly  significant 
d ifferen ces in  w e ig h t  and  h e ig h t o f  b o y s  b etw een  age groups 
(p < 0 .0 1 ). T h e  w e ig h t o f  g irls w ith  1 0 -1 3 y  w as significantly  
high er than b o y s  in  sa m e  a g e  group. W h ile  he igh t o f  boys 
w ith 1 4 -1 8 y  w a s s ig n ifica n tly  h igh er than g irls in sam e group- 
N o  B M I d iffe re n c es  b e tw e en  a g e  groups w ere  observed in 
b o y s and girls.

N u trition a l statu s c la s s if ic a t io n  dem onstra ted  a higher 
p reva len ce  o f  u n d erw eig h t in  b o y s  than in g irls, esp ec ia lly  in
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the 14- 18y age group. Obesity was more frequently observed 
in the adolescents with 10 to 13 years. However, differences 
regarding underw eight and obesity w eren’t statistically 
significant (p>0,05).

TABLE 1
Anthropometric characteristics of the study population

Boys (n=45) Girls (n=76)
1 0 - 1 3  y 14-I8y 10 - 1 3  y 14-18y

(n=23) (n=22) (n= 21 ) (n=55)

Weight (kg)* 59.3 ± 19.4)* 78.9 ±32.7* 73.1 ±21 .1 73.5 ± 19.4
Height (cm)* 153.3 ± 12.4* 171.4 ±9.3* 158.3 ± 11.2 159.9 ± 7 .3
BMI (kg/m2)’* 24.9 ± 6.6 26.5 ± 9.1 28.4 ± 7 .9 28.9 ± 7 .1
Underweight (%) 17.4 13.6 14.3 7.3
Overweight (%) 21.7 18.2 23.8 21.8
Obesity (%) 52.2 31.8 51.9 49.1

'mean ± std deviation 
*p<0,05
*p<0,01

Energy and calcium intake
There were no statistical difference between sex and age 

groups for energy and calcium intake. The mean energy intake 
was 1729,9±557,8 kcal/day (1824,5±590,6 kcal/day for boys, 
and 1673,9±533,6 kcal/day for girls). The mean energy intake 
was lower than general recommendations for this group: 2750 
kcal/day for boys and 2200 kcal/day for girls (15).

The mean daily calcium intake was 598.2±287.9 mg/day 
(635.1±276.8 mg/day for boys and 576.3±293.9 mg/day for 
girls). Only 2.5% of the adolescents present a calcium intake 
higher than Adequate Intake (AI) for the study population 
(1300mg/d) (13). Most of them (around 80% in both sexes) 
had mean calcium intake lower than 800mg/day.

Considering the positive correlation between calcium and 
energy intake (r=0.505 p<0.01), the calcium intake was adjusted 
for energy. The adjustment was done by residual nutrient method, 
since with this strong correlation! between calcium and energy 
intake, the real relationship between this nutrient and body weight 
orBMI may not be identified (18). The mean of calcium intake 
was not altered with the adjustment although it was verified a 
decrease of 14% in standard deviation.

Calcium v s  body weight and BM I
Adjusted calcium intake presented a negative correlation 

with body weight (r=-0.194, p=0.03) and BMI (r=-0.185, 
p=0.04). There were no differences between age groups. 
Furthermore, when the correlation o f body weight and BMI 
with calcium intake was analyzed by nutritional status, the 
significant correlation was only observed in overweight and 
obese adolescents (r=-0.276, p=0.01 with body weight and 
r=-0.260, p=0.01 with BMI).

To evaluate the influence of calcium in body weight this 
nutrient intake was divided in quartiles and it was observed 
that adolescents in the lowest quartile presented higher BMI 
(Table 2). However, no statistical difference was observed 
between quartiles of calcium intake and BMI for either sex or 
age groups. The distribution of male and female in the different 
quartiles as well as age groups was similar the distribution in 
total sample.

TA BLE2
Distribution of Body Mass Index (BMI) of adolescents 

participants of CSCA1 (2001-2003) according to quartile of 
calcium intake

Quartile Calcium  intake 
(mg/dav)

BMI (kg/m2)

1 (n=31) 283.9 ± 9 1 .6 29.7 ± 7.4
2 (n=31) 479.5 ± 40.2 27.3 ± 7.3)
3 (n=29) 642.1 ± 6 5 .4 26.9 (8.6)
4 (n=30) 1003.0 ± 191.3 26.8 (7.3)

mean (std deviation)
'CSCA = Outpatient Clinics for Adolescents

Calcium sources
The qualitative food frequency questionnaire was used in 

order to identify the frequency o f  milk intake and dairy 
products, since they represent the major source of calcium in 
the diet.

Whole milk was the main source of calcium consumed by 
adolescents; 56.36% of the sample consumed milk at least 
once a day. The other foods mostly consumed on a daily basis 
were: butter, skimmed milk, and whole yogurt; 27.6%, 19.5% 
and 11.4% of the sample respectively. Low-fat yogurt was 
consum ed by 31.2%  o f the adolescents. There w asn’t 
significant difference in calcium sources between sex and age 
groups. However, overweight adolescents presented lower 
intake of food sources o f calcium: 36.5% and 48.1% related 
never drink whole milk and low fat milk, respectively, 
compared to lower than 5% and 37% of normal weight 
adolescents.

DISCUSSION

Since calcium intake presented a negative correlation with 
body weight and BM I, the present study confirmed the 
hypothesis that dietary calcium could play a role in body 
weight regulation.

The small correlation between calcium intake adjusted by 
energy and the BMI of adolescents (r -0.185 p=0.04) can be 
explained in part by the low intake of this mineral. Zemel 
(20) emphasizes that the effects o f calcium in weight reduction
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are observed when calcium intake is at least, 1000 mg/d. 
Furtherm ore the relatively small sample size and large 
variability may have provided little power to identify small 
associations.

The contribution of calcium intake in body weight or BMI 
differs from 3% a 13% according to different studies (4,8,9,21). 
Certainly, this is significative because body weight regulation 
is a manifestly multifactorial matter and calcium intake as one 
of the several factors involved.

The low calcium intake observed in this study is also similar 
to others studies with adolescents (16,22). Since calcium is a 
nutrient with no established Estimated Average Requirement 
(EAR) and Recommended Dietary Allowance (RDA), it was 
not possible to estimate the prevalence of inadequacy of the 
nutrient (14). It is important to emphasize that calcium intake 
observed in the present study can be considered lower than 
the proposed Adequate Intake values (AI) according to Dietary 
Reference Intakes (DRIs). Furtherm ore, only 2,5 of the 
adolescents present a calcium intake higher than proposed 
values for AI, this can be an important factor for future risk of 
bone disorders, like osteoporosis. Skeletal maturity is achieved 
during the late stage of pubertal development with 90 to 95% 
of peak bone mass is attained by the second decade of life and 
bone growth during adolescence accounting for 45% of this 
attainment (17).

Energy intake was lower than estimated values for this 
age group, but it is similar to what has been observed in similar 
studies. Slater et al. demonstrated a mean energy intake of 
2000 kcal in Brazilian adolescents (16). Matthys et al. (23) 
observed an intake of approximately 2000 kcal for boys, and 
1800 kcal for girls with ages ranging from 13 to 18 years. It’s 
necessary to consider the probability of underreporting of food 
intake, that are more pronounced among overweight and obese 
than among normal weight individuals. However this error 
could be minimized if the participants are well motivated (24).

The qualitative evaluation of the diet demonstrated that 
the main sources of calcium consumed by adolescents (like 
whole milk and butter) were also high energy food, explaining 
part of the significant correlation between calcium and energy 
intakes. This probably is one o f several characteristics o f a 
“typical” dietary habit o f our adolescent population. It is 
recognized that a higher consumption of foods rich in this 
mineral but with low energy is required to increase calcium 
intake without increase energy intake. Vegetables, light and 
diet foods (low fat milk and dairy) are good options, although 
they are generally more expensive than regular foods (as such 
as whole milk and whole yogurt) in Brazil.

The present study also demonstrated a higher prevalence 
of overweight and obesity in adolescents. Considering the total 
number of participants, 70.3% were classified as overweight 
and obese. In part this is due to the fact that the study was 
undertaken from data of the Adolescents Outpatient Clinic,

which comprises medical and nutritional evaluation for 
adolescents with nutritional disorders. This was confirmed 
by homogeneity of BMI between sex and age groups. The 
prevalence of overw eight and obesity in the Brazilian 
adolescents its not well established, however Veiga et al 2004  
(25), demonstrated that BMI increased dramatically in this 
population, mainly among boys. The prevalence of overweight 
was 17.9 (1.82)% and 17.8 (1.79)% between boys and girls, 
respectively, from urban region of Brazilian Southeast. In this 
study, the higher prevalence o f overweight in the first age 
group (10 to 13 years) may be explained by significant weight 
gain in that happens at beginning of puberty, when the 
individual acquires 50%  of adult body weight (19).

Considering the low calcium intake, its correlation with 
adiposity and the prevalence of obesity depicted in the present 
study, the need for an effort between health care professional 
should be stressed. The calcium rich foods with low fat content 
should be encouraged, not only to better regulate body weight, 
but also to prevent osteoporosis and the non-transmissible 
chronic diseases such as hypertension, negatively affected by 
the deficiency of this mineral.
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