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ILUSTRISSIMO SENHOR PREGOEIRO DA COMISSAO DE LICITACOES DA
PREFEITURA MUNICIPAL DE BARBALHA/CE '

ART MEDICA COMERCIO E REPRESENTACOES DE
PRODUTOS HOSPITALARES LTDA, pessoa juridica de direito privado,
devidamente inscrita no CNPJ n°® 02.626.340/0001-58, com sede na Rua Nossa
Senhora de Nazaré, 02, Guaribas, Eusébio/CE, Cep: 61.760-000, por meio de
sua procuradora Maria Sidnaidy Pereira Lacerda, RG n° 220435620025
SPC/MA e CPF n° 017.644.653-26, vem, mui respeitosamente, perante Vossa
Senhoria, com fulcro no art. 6°, inciso XXXVl e LV, e art. 37 da Constituicdo da
Republica Federativa do Brasil de 1988, art. 109, inciso |, alinea “a” e “b”, da
Lei Federal 8.666/93 e art. 56, § 1° da Lei Federal 9784/99, apresentar
tempestivamente, o presente RECURSO ADMINISTRATIVO contra o ato que
declarou vencedora a empresa PHARMAPLUS LTDA, no lote 13, do
PREGAO PRESENCIAL n° 2018.07.03.2 que tem como objeto o Aquisi¢ao de
medicamentos diversos, leite e suplementos alimentares destinados ao
atendimento das necessidades da Secretaria Municipal de Saude de
Barbalha/CE, conforme especificacoes apresentadas no Edital

Convocatério, pelos fatos e direito a seguir aduzidos.
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DOS FATOS

No dia 23 de marco de 2018 a empresa Art Médica
participou do Pregédo Presencial 2019.07.03.2 da Prefeitura Municipal de
Barbalha.

Encerrada a etapa de lances a empresa PHARMAPLUS
LTDA foi arrematante do lote 13 do processo licitatério em aprego, procedendo
assim com fase de habilitacdo e aceitagdo. Concluidas tais fases a empresa foi

declarada vencedora do lote supramencionado.

No entanto, a recorrente ao realizar a analise do produto
apresentado identificou que, o produto oferecido pela empresa vencedora no
item 27 do referido lote (Novamil Rice - Biolab) ndo atende ao solicitado no

termo de referéncia do edital.

Analisemos as especificagbes técnicas contidas no item 27
do lote 13 do edital em questao:

ITEM 27 — FORMULA INFANTIL HIPOALERGENICA PARA NUTRICAO
ENTERAL/ORAL, A BASE DE AMINOACIDOS LIVRES E PROTEINA
EXTENSAMENTE HIDROLISADA, NUTRICIONALMENTE COMPLETA,
COM LCPUFAS (ARA E DHA), NUCLEOTIDEOS, TCM, PARA LACTENTES
DE 0 A 12 MESES DE IDADE COM ALERGIAS ALIMENTARES OU
DISTURBIOS DA DIGESTAO E ABSORGAO DOS NUTRIENTES. ISENTA
DE PROTEINA LACTEA, LACTOSE, SACAROSE, FRUTOSE, GALACTOSE.
NAO POSSUl FIBRAS. DENSIDADE CALORICA 67KCAL/100ML.
DISTRIBUICAO CALORICA: PROTEINAS-11%, CARBOIDRATOS-45%,
LIPIDIOS-44%, FONTE DE PROTEINA: 100% AMINOACIDOS LIVRES.
FONTE DE CARBOIDRATOS: 100% MALTODEXTRINA. FONTE DE
LIPIDIOS: 100% OLEOS VEGETAIS. OSMOLALIDADE: 360MOSM/KG.
APRESENTACAO: LATA 400G. ACONDICIONADO EM EMBALAGEM
APROPRIADA HERMETICAMENTE FECHADA, E SUAS CONDICOES

DEVEM ESTAR DE ACORDO COM A NTA 83(DECRETO 1246 DE
20/10/78). O VENCIMENTO DEVERA SER IGUAL OU SUPERIOR A 1 ANO.

g e
A\
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A especificacdo supracitada, extraida do termo de
referéncia do edital em analise, solicita uma férmula infantii com fonte de
proteinas 100% aminoacidos livres, COM LCPUFAS (DHA E ARA) E TCM.

DA FUNDAMENTACAO CIENTIFICA

A alergia ao leite de vaca (ALV) pode influenciar o estado nutricional,
por aumentar necessidades energéticas e diminuir o apetite. Além disso, a
alergia ao leite de vaca pode causar déficit de crescimento, desnutricdo e
deficiéncia de micronutrientes. Quando compromete o tubo digestorio, pode
provocar agravo ao estado nutricional pelos seguintes mecanismos: diminuicdo
da assimilacdo de energia e nutrientes, em funcido de vomitos e/ou
regurgitagdo; reducdo da absorcéo intestinal, nos casos de enterite e ma
absorcao intestinal: perda de nutrientes pela mucosa intestinal inflamada
(Projeto Diretrizes, 2011).

Lactentes com ALV grave, exige uma conduta nutricional
especifica, restritiva de proteinas alergénicas intactas ou hidrolisadas,
pois o simples contato da crianga a uma formula contendo estas fontes
de proteinas podera levar a um estado gravissimo de anafilaxia, muitas
vezes, fatal.

Existem condi¢bes clinicas para utilizacao de forma exclusiva da férmula
elementar, tais como, esofagite e gastroenteropatia eosinofilias, anafilaxia a
proteina do leite de vaca, coiite alérgica e presenga de sangue nas fezes, e
nesses casos, ndo podera ser utilizada a férmula oferecida pela empresa,
Pharmaplus LTDA., uma vez que estes pacientes toleram exclusivamente a

formulacao elementar e nao alergénica, com 100% de aminoacidos livres.
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Para esclarecer melhor, faremos a seguir a explica¢ao dos critérios ndo
atendidos ao descritivo solicitado, pela formula oferecida (Novamil Rice), pela
empresa Pharmaplus:

1. Novamil Rice (Marca Biolab) ndao atendeu ao descritivo, pois se
trata de uma férmula de proteina hidrolisada do arroz (com mais de
95% de peptideos) e o edital solicita 100% aminoacidos livres

conforme solicitado no descritivo do edital.

2. Novamil Rice (Marca Biolab) ndo contém LCpufas, e o descritivo
solicita com LCPUFAS (ARA e DHA), importante nutriente que
participa do desenvolvimento cerebral, visual, cognitivo e
imunolégico nos lactentes. A auséncia de tal nutriente pode
impactar no imprinting metabolico, uma fase critica do crescimento,
a qual fica suscetivel a modificagcbes moleculares, celulares,
metabdlicas, neuroenddcrinas e fisioldgicas. Alem disso, as
pesquisas tém demonstrado que a auséncia de contato do lactente
com o DHA e ARA pode aumentar risco de doencas crénicas nao
transmissiveis e complicacbes futuras (Anexo 1). Assim, na
impossibilidade do leite materno, faz-se necessario a presenca
desse nutriente na formula infantil que sera administrada a esses
lactentes para que ndo comprometa seu desenvolvimento e

crescimento.

3. A formula infantil citada acima (Novamil Rice) é a base de arroz,
e, portanto, segundo o ESPGHAN (2015) nao deveria ser
recomendada em lactentes efou criangas de primeira infancia, e a
solicitagdo do edital é para lactentes de 0 a 12 meses. Sabe-se
que as bebidas de arroz sao fontes de arsénico inorganico, um
oligoelemento potencialmente téxico que pode trazer ao individuo

prejuizos téxicos como relatado em estudo (Anexo 2), aumentando

1
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consideravelmente os riscos de doencgas crénicas, evidenciando seu

potencial carcinogénico, estreitamento ou bloqueio dos vasos.
sanguineos, hipertensao arterial, doengas cardiacas e diabetes tipo
2.

4. Por fim, a féormula Novamil Rice ndo possui triglicerideo de cadeia
média (TCM), e a ndo presenga desse componente traz uma grande
desvantagem, uma vez que o mesmo & uma importante fonte de
gordura com ampla utilizacdo clinica em casos de distirbios de
digestado e absorgdo. O TCM tem digestao, absorgao e metabolismo
diferentes em muitos aspectos do friglicerideo de cadeia longa. A
férmula infantil possuir TCM trara uma série de vantagens no uso em
pacientes com distlrbios na digestao e absorcéao, principaimente em
ALV, pois o0 mesmo € independente da agdo de sais biliares ou
lipases pancreatica, favorecendo uma melhor recuperagédo do

estado nutricional.

Por fim, salienta-se que o produto oferecido pela empresa Pharmaplus
LTDA. vencedora para o lote 13, estd em desconformidade com o item 27 do
solicitado no edital, dilacerando os principios da vinculagdo ao instrumento
convocatorio, da finalidade e da eficiéncia. Tornando-se de fundamental
importancia a revisdo do ato que declarou vencedor tal lote, afim de preservar a

eficiéncia do processo.
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DO DIREITO

O processo licitatério deve ter suas diretrizes tragadas de
acordo com seus principios norteadores, sejam estes gerais ou especificos.
Dentre os principios basilares das licitagbes podemos citar: finalidade
administrativa, eficiéncia, legalidade, impessoalidade, vinculagdo ao
instrumento convocatoério, isonomia, proporcionalidade, razoabilidade, ampla

concorréncia entre outros.

Vejamos os preceitos legais elencados no art. 3° da Lei
8.666/90:

Art. 3% A licitagio destina-se a garantir a observancia do principio
constitucional da isonomia, a selecdo da propasta mais vantajosa
para a administragdo e a promogéo do desenvolvimento nacional
sustentavel e sera processada e julgada em estrita conformidade com
os principios basicos da legalidade, da impessoalidade, da
moralidade, da igualdade, da publicidade, da probidade
administrativa, da vinculagdo ao instrumento convocatorio, do
julgamento objetivo e dos que Ihes séo correlatos. (grifo nosso)

O principio da vinculagdo ao instrumento convocatério é
aquele que eleva as regras do edital ac patamar de lei interna do processo
licitatério, nac podendo suas regras e exigéncias deixar de ser cumpridas, sob
pena de nulidade do procedimento. Observemos os ensinamentos da

administrativista Maria Sylvia Zanella Di Pietro:

Trata-se de principio essencial cuja inobservancia enseja nulidade do
procedimento. Além de mencionado no art. 3° da Lei n 8.666/93,
ainda tem seu sentido explicitado, segundo o qual “a Administracao
ndo pode descumprir as normas e condicbes do edital, ao qual se
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acha estritamente vinculada”. E o artigo 43, inciso V, ainda exige que

0 julgamento e classificacdo das propostas se facam de acordo-com
os critérios de avalicdo constantes do edital. O principio dirige-se
tanto & Administragdo, como se verifica pelos artigos citados,
como aos licitantes, pois estes ndo podem deixar de atender aos
requisitos do instrumento convocatério (edital ou carta-convite);
se deixarem de apresentar a documentacido exigida, serdo
considerados inabitados e receberdo de volta, fechado, o envelope-
proposta (art. 43, inciso Il); se deixarem de atender as exigéncias
concernentes a proposta, serio desclassificados (artigo 48, inciso |).

Ou seja, ¢ estritamente proibido aceitar quaisquer
condicbes que ndo estejam expressamente previstas no instrumento
convocatorio. Além do que, qualquer dissonancia entre o exigido no edital e o
apresentado pela licitante feriria ndo somente a vinculagdo ao instrumento
convocatorio, mas também, por consequéncia, macularia o julgamento objetivo

das propostas.

Visando a aquisicdo de bens ou servigos, a Administracao

Plblica deve observar com certa rigorosidade o que preconiza o principio da
eficiéncia. Vejamos o que o administrativista Helly Lopes Meireles(1996):

Dever da eficiéncia é o que impde a todo agente piiblico de realizar

suas atribuicbes com presteza, perfeicdo e rendimento funcional. E o

mais moderno principio da fungdo administrativa, que ja nio se

contenta em ser desempenhada apenas com legalidade, exigindo

resultados positivos para o servigo pulblico e satisfatério atendimento
das necessidades da comunidade e de seus membros.

E fundamental que seja observado o objetivo final a ser
atingindo pelo processo licitatorio, pois este busca atender uma necessidade
social, que é garantir aocs administrados o minimo existencial, alicergado pelo

preceito fundamental da dignidade da pessoa humana.

Todavia, para que este fim seja alcancado a Administragao
Publica deve proceder com o intuito de adquirir bens que serdo serviveis a
necessidade publica, pois se néo for atingido o objetivo final a administragio

estara fadada a uma ma contratagio.

f
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O principio da finalidade € um importante instrumento de
controle da administragdo publica, pois o contrato firmado com terceiro deve
sempre ter seus olhares para o interesse publico, ndo podendo essa finalidade
ser desviada de forma a ndo atingir o objetivo finalistico almejado. Passemos a

compreender o entendimento de Maria Sylvia Zanella Di Pietro (2007):

Em sentido amplo, a finalidade sempre corresponde & consecucéo de
um resultado de interesse publico. J& sob um sentido restrito, a
finalidade € o resultado especifico que cada ato deve produzir,
conforme definido em lei.

Nesse diapasado, podemos identificar que diante do caso
concreto, a aquisi¢ao do produto em desconformidade com as especificacdes
do termo de referéncia levara a Administracio a uma aquisicao ineficaz.
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DO PEDIDO

Ante todo o exposto, vimos requer que Vossa Senhoria se
digne a:

| — Julgar a procedéncia do presente recurso;

1l - Rever o ato que declarou vencedor a empresa Pharmaplus LTDA.,

procedendo com a convocagao dos demais licitantes;

Nestes Termos
Pede Deferimento.

Eusébio, 26 de marco de 2018.

Maria Sidnaidy \Pereira Lacerda
RG n° 220435620025 SP A - CPF n° 017.644.653-26
Representante Comercial
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ANEXO |
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Polyunsaturated fatty acid content of mother’s milk is

associated with childhood body composition

Louise Pedersen’, Lotte Lauritzen? Martin Brasholt®, Thora Buhl* and Hans Bisgaard®

BACKGROUND: The consumption of polyunsaturated fatty
acids has changed, and the prevalence of adiposity has increased
over the past 30 y. A decrease of n-3 polyunsaturated fatty acid
content in breast milk has been suggested to be a contributing
factor. The objective of this study was to investigate the relation-
ship between docosahexaencic acid (DHA) content and n-6/n-3
potyunsaturated fatty acid ratio in breast milk, hody composi-
tion, and timing of adiposity rebound in children,

METHODS: In the Copenhagen Prospective Study on Asthma
in Childhood birth cohort, breast milk fatty acid profile was
determined in 281 mothers and BMI development was pro-
spectively followed up to the age of 7 y in 222 children. Age
and BMI at adiposity rebound were registered. Furthermore, fat
mass determination by dual energy X-ray absorptiometry was
performed in 207 children at 6-9y of age.

RESULTS: There was a significant association between breast
milk DHA and BMI from 2 to 7 y, fat mass, and, for the girls, age
at adiposity rebound. No associations were found between the
breast milk n-6/n-3 polyunsaturated fatty acid ratio .and body
composition.

CONCLUSION: Early intake of DHA may have an effect on body
composition. Dietary habits of lactating mothers could contrib-
ute to the increased prevalence of obesity in Western societies.

Studjes have shown that dietary habits in infancy and early
childhood may have an effect on BMI development and the
timing of adiposity rebound (1-3). The exact age at adipos-
ity rebound, around 6 y of age, when BMI reaches nadir and
then begins to increase, could represent a valid predictor of the
development of obesity in adolescence and adulthood (2.4.5).
The onset of the stage, in which fat tissue growth depends
on differentiation and hypertrophy of existing cells, is also
regarded as a sensitive period to the risk of developing obe-
sity. Some studies show that the capacity of adipocyte precur-
sor cells to divide and possibly undergo self-renewal might be
highest during the first year of postnatal life (6,7). The identifi-
cation of factors that affect development and growth of fat cells
and the timing of adiposity rebound is essential to the under-
standing of the mechanisms underlying the development of
obesity in children.

Most studies have found that human milk is protective
against the development of overweight (8,9). The relative con-
tent of the eicosanoid precursors, n-3 and n-6 polyunsaturated
fatty acids (PUFA), in breast milk is one of the factors that
could play a role (10,11). Differentiation of preadipocytes into
mature adipocytes is a process affected by various hormones
and growth factors, among other eicosanoids (12-14). The
n-6 PUFA~derived eicosanoids have been shown to promote
preadipocyte differentiation (12,14). Because of the antagonis-
tic functions between n-3 PUFA and n-6 PUFA in biechemi-
cal processes and at the paracrine/endocrine level, increased
consumption of n-3 PUTA could represent a way to inhibit fat
tissue production in prenatal life and during infancy.

‘The intake of PUFA has, in many Western societies, changed
over the past 30y, thereby affecting the fatty acid profile in breast
milk, with a subsequent increase of the n-6/n-3 PUFA ratie and
a decrease of the docosahexaenoic acid (DHA, 22:6n-3) content
(15). However, few studies have investigated whether this may
increase the risk of adiposity in breastfed children.

The aim of this study was to investigate the relationship
between the DHA content of breast milk and body composi-
tion, measured as development of BMI from age 2 to 7 v, fat
mass percentage at 6-9 y, and the age and BMI at onset of adi-
posity rebound. Associations between the n-6/n-3 PUFA ratio
and body composition were performed as supplementation to
primary outcome. This was investigated in a large cohort study,
the Copenhagen Prospective Study on Asthma in Childhood
(COPSAQ).

RESULTS

The processes involved in the study and the number of sub-
jects for the different outcomes are outlined in Figure 1. Of the
411 women in the COPSAC study, breast milk samples were
available from 321 participants. Samples taken <13 or >48 d
postpartum were excluded because the time of sampling has
an effect on PUFA composition (16), leaving 281 subjects with
samples eligible for analyses. The mean breast milk sampling
time for the included participants was 22 + 8 d postpartum.
Of the 281 subjects, 222 had at least one annual BMI registra-
tion throughout the study period (148 participants had BMI

'Copenhagen Prospective Studies on Asthma in Childhood, Health Sciences, University of Copenhagen, Naestved Hospital, Copenhagen, Denmark; ‘Department of
Human Nutrition, University of Copenhagen, Copenhagen, Denmark; *Copenhagen Prospactive Studies on Asthma in Childhood, Health Sciences, University of Copanhagen,
Copenhagen University Hospital, Copenhagen, Denmark; ‘Department of Nuclear Medicine, Gentofte University Hospital, Capenhagen, Denmark. Correspondence:
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Figure 1. Flow chart of patient participation. DXA, dual energy X-ray.

data available at all 11 time points, and 38 participants had
<10 measurements) and were thus included in the BMI and
adiposity rebound analyses. The fat percentage assessments by
dual energy X-ray (DXA) were obtained in 207 of the 281 par-
ticipants {lacking for 32 of the 222 participants with BMI data;
17 had DXA data but were not included in the BMI analysis).
There were no differences in BMI development or BMI and
age at adiposity rebound between the participants with and
without DX A scans. Furthermaore, no difference was observed
between the included and excluded participants (those with
and without breast milk samples) with respect to parental
height (P = 0.47 father and P = 0.22 mother) or physical activ-
ity level (P = .98}, BMI (P = 0.75), and fat mass percentage of
the child at 6-9 y of age (P = 0.94), but maternal age at delivery
(P = 0.03) and income (P < 0.01} was higher in the included
group. Table 1 shows the fatty acid composition of the breast
milk and characteristics of the study group.

An inverse association was established between breast milk
DHA and BMI from 2 to 7 y of age in the multivariable adjusted
model (Table 2}. Sex-stratified analyses showed that this effect
was only statistically significant in the girls, although the esti-
mated effect sizes were similar in both genders. We also found
an overall inverse association between breast milk DHA and
percentage of body fat, which also persisted for girls in the sex-
stratified analysis, but was nonsignificant in boys (Table 2).
Furthermore, we found an inverse association between breast
milk DHA content and BMI at 7 y of age for both genders
{Table 2).

The curves for development of body composition, expressed
as mean BMI in the upper quartile compared with the other
three quartiles of breast milk DHA, differed significantly
(Figure 2), in both crude and adjusted models (data not shown).
There was a trend for a positive association between the age at
adiposity rebound and the level of DHA in breast milk; this
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Table 1. Characteristics of participating children inthe study

Q?mographic Mean+ 5D
W}Vlaternal age at delivery o 305; 4_5 o
(years}
Maternal height (cm} 167.3+£6.6
Patemnal height{cm) 180974
Family income (% 29:48:23
low:average:high}
Exclusive breastfeeding 40+20
{months)
Gender (% girls) 49,1
Breast milk fatty acid composition
SFA (%) 418144
MUFA (%) 409x35
PUFA (%) 13.7+26
n-3 PUFA (%6) 215+ 067
20:5n-3 (EPA) (%) 0.11 (0.08-0.15)
22:6n-3 (DHA} (%) 0.46 (0.34-0.59)
n-6/n-3 PUFA 57+16
“Anthropometics  Boys(e=113)  Girls(n=109)
BMiat7y (kg/m?) 163116 1609616
Age at adiposity rebound 49+1.1 5-1E£T3
(years)
BM! at adiposity rebound 152+ 1.0 15.2+1.1
(kg/m?)
Fat mass at 6-9y 23.1+56 271147
(% of body weight) (m=109) e n= 98}

Values are mean + SD or median with 25th—/5th percentile in parentheses. Gendey-
spacific valuas are shown where refevant.

DHA, docosahexaenoic acid; EPA, cicosapentaencic acid; MUFA, moneunsaturated
fatty acid; PUFA, polyunsaturated fatty acid; SFA, saturated fatty acid.

Table 2. Longitudinal and cross-sectional assodiations between
breast mitk DHA and body composition for all the participants and girls
and boys separately

Estimgte {95% con'ﬁ;le_nc_g_}_nte rval} -

7Adjusted7
Crude Adjusted Pvalue

BMifrom2to7yn=222) S

All —0.25(—0.47,-0.04) —0.25(—0.47,-0.04} 0.02

Girls (n=109) -0.36{-0.66,-0.06) —0.38(-0.69,-0.07) 0.02

Boys(n=113) —0.15(-0.4553,0.16) -0.15(-0.45,0.16) 0.34
BMlat 7y (n=222)

All —0.47 (-0.79,—0.15) —0.47{(-0.79,-0.13) <0.01

Girls (n=109) —0.61(-1.06,-0.16) —-067{(-1.14,-0.21) <0.01

Boys (n=113) —0.37(-0.82,0.09) —-0.48{-0.94, -0.01) 0.04
Fat percentage at 6-9y (n =207}

All —1.84(-2.98,—-0.71) —1.78(-3.04,—0.53) <0.01

Girls (n1=98)  —1.68 (~3.10,—0.26)
Boys (n=109) —1.82(-3.39,—0.25)

Analyses were performed on logZ-transformed DHA values,

-1.81(-3.23,-0.39) 0.01
-1.40(-3.18,0.38) 0.12

DHA, docosahexaenoic acid.

Copyright © 2012 international Pedfiatric Research Foundatian, Inc.
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association was significant for girls, whereas no association
was observed for boys (Table 3 and Figure 3). Furthermore,
a trend of an overall inverse association between BMI at adi-
posity rebound and DHA in breast milk was established and

16.6 ¢

aMl (kg/m?)

Age (years)

Figure 2. Mean BMI from 2 to 7 y of age for the upper quartile of breast milk
docosahexaenoic acid levels vs. that in the other quartiles. Line with black
circles denotes the quartile 4, line with black diamonds denotes quartiles 1-3.

Table 3. Association between breast milk DHA and age and BMi at
_adiposity rebound for all participants and girls and boys separataly

Adjusted
Crude Adjusted Pvalue
_Ké_e_.__._._.__......_._.. i OO .. v R A ... SO
All(n=222) 0.30(0.02,0.58) 0.23(-0.03,0.49) 0.08
Girls {(n=109) 046{0.11,0.81) 0.46{0.11,0.81) 0.01
Boys(n=113) 0.10(-0.20,041) 0.18(-0.13,0.49) 0.26
BMI
All{n=222) —0.20 (-0.40, 0.00) ~0.20 (~0.40,0.00) 0.06
Girls (n=109)  —0.32(-0.63,-0.02) -030(-0.5%,001) 0.06

: —0.09 (-0.37,0.20)
Analyses were performed on log2-transformed DHA values,
DHA, docosahexaenoic acid.

_ Boys(n=113) -0.09(-0.37,0.20)

054
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16.4 @
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replicated for girls, but this asseciation was far from significant
in boys (Table 3).

No associations were established between the n-6/n-3 PUFA
ratio in breast milk and BMI between the age of 2 and 7 y.
The breast milk n-6/n-3 PUFA ratio showed a nonsignificant
(P = 0.08) tendency of a positive association with percentage
of body fat in the adjusted model, but no association was seen
with BMI at 7 y. Furthermore, no associations between BMI or
age at adiposity rebound and the n-6/n-3 ratio could be estab-
lished in the adjusted (P = 0.84) or the unadjusted (P = 0.86)
models.

DISCUSSION

The key finding in this study was a significant association
between DHA in breast milk and BMI development from
2 to 7 y of age and body fat at the ages of 6-9 y. The associations
were stronger for girls, who also showed significant associa-
tion between breast milk DHA and age at adiposity rebound.
No significant correlations between breast milk n-6/n-3 PUFA
ratio and body composition could be established.

Strengths and Weaknesses

The key strength of this study is that the participants were
seen prospectively every 6 mo for 7 consecutive years, because
this enabled us to measure growth continuously. The level of
participation throughout the study period was high. BMI at
7 y was obtained from 79% of the subjects with milk samples,
and data on body fat by DXA scan were obtained from 74%
of the subjects. The BMI and fat mass of all participants were
measured by experienced examiners using the same device,
thereby ensuring high validity of the data. DX A scan is consid-
ered a reliable method of quantifying body composition (17).
The consistency of the results within the different assessment
methed confirms the possibility of an adipogenetic effect of
dietary PUFA. The study design also ensured a vast amount
of data on potential covariates, but we did not have data on
parental BMI, and therefore included parental height as a
potential covariate. The lack of parental BMI deprived us of a
sufficient control for genetic and environmental disposition to
body composition (18).

b 166

16.4

BMI (kg/m”)

ama N s A
Age (years)

Figure 3. Mean BMIin (a) boys and (b) girls from 2 to 7 y of age for the upper quartile of breast milk docosahexaenoic acid levels vs. that in the other
quartiles. Line with black circles denotes the quartile 4, line with black diamonds denotes quartiles 1-3.
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The content of PUFA in breast milk is, by and large, a reflec-
tion of the maternal diet (19,20). We obtained only one breast
milk sample per participant, which may not be a reliable reflec-
tion of the infants PUFA supply throughout the lactation period.
A study by Lauritzen et al. (21) showed a maximal increase of
DHA in breast milk 10h after ingestion of fish fat and that the
effect had almost disappeared after 24 h. It is, therefore, a major
weakness in our study that we did not make multiple breast milk
samplings. However, all the milk samples were obtained within
a narrow range of time, ensuring comparable values of PUFA
to which the children were exposed, as the levels of PUFA have
been shown to change throughout the lactation period (22).
'The dietary habits of the mother will inevitably have an effect
on her choice of food presented to the child. The observed effect
may therefore be a reflection of a dietary lifestyle passed on to
the child, which we could not adjust for due to lack of data on
the child’s diet in the study period. Previous studies have found
associations between socioeconomic status and dietary habits,
including PUFA intake (23) and childhood BMI {24). The asso-
ciation found in this study could therefore represent an effect
of a healthy lifestyle on multiple levels, hence, not an isolated
effect of DHA in breast milk. We sought to adjust for this by
including household income and mother’s age at birth, which
are associated with maternal education to some extent (25), but
this did not change the observed associations with breast mitk
DHA. This either confirms a DHA-mediated effect or indicates
that the chosen confounders are insufficient parameters of
SOCIOECONOIMIC status.

The COPSAC cohort consists of children born to atopic moth-
ers. It is possible that both the fatty acid composition in the milk
samples and the pattern of growth in the children could be influ-
enced by the underlying atopic disposition. Previous studies have
investigated whether atopy is related to breast milk PUFA (26).
However, Lauritzen et al did not find that the fatty acid com-
position was affected by atopy in the COPSAC cohort (26). The
interaction between adiposity and asthma has been extensively
studied, mainly focusing on obesity as a cause of asthima (27), but
obesity and asthma may have a common etiology. The atopic dis-
position in the COPSAC cohort could therefore affect the growth
pattern in the children and be a factor to take into account when
interpreting the results from the study.

Interpretation

To our knowledge, only a few studies have investigated the
long-term effect on growth in relation to PUFA supply during
lactation. Helland et al. supplemented 314 women with fish
oil or corn oil from wk 18 of pregnancy to 3 mo postpartum
and did not demonstrate a correlation between breast milk
DHA obtained 4wk and 3 mo postpartum and BMI at 7 y (28).
Lauritzen et al. conducted a similar study and found a positive
association between DHA in breast milk obtained 4 mo post-
partum and BMI in the two-and-a-half year-old children (10),
but the effect did not persist when the children reached 7 y of
age (29). Both studies were interventional trials, whereas this
study is observational, and as a consequence our findings must
be interpreted with caution. However, our study differs from
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previous trials because we have continuous measurements of :
BMI from 2 to 7 y, enabling us to identify the time of adiposity
rebound, an unexplered field in relation to PUFA intake during
infancy. We were also able to study the impact of DHA on body
fat assessed by DXA. The age of adiposity rebound is regarded
as a critical period for development of later adiposity (2,5), and
early postnatal life is a critical peried during which dietary
factors might program adaptive mechanisms with an impact
on adiposity rebound and subsequent growth {4). A study by
Taylor et al. confirmed from continuous DXA scans, on 39
girls of age 3-6 y, that the onset of adiposity rebound is caused
by deposition of fat rather than increased lean mass or slower
height acquisition, which could be a possibility when evaluat-
ing growth from BMI measurements (30). This is confirmed by
our results.

Factors affecting adipocyte differentiation are essential to the
growth pattern in childhood. The differentiation of preadipo-
cytes into mature adipose cells is influenced by prostacyclin, a
metabolic product of arachidonic acid (13,31). The n-3 PUFA
and n-6 PUTA compete in several steps of the metabolic path-
way, both with respect to membrane incorporation, eicosanoid
production, and eicosanoid action. A diet rich in DHA could
suppress the arachidonic acid-mediated effects on adipocyte
development, i.e., high levels of DHA in the infants dietary
supply could downregulate adipose tissue hyperplasia, and
thereby delay the age at adiposity rebound.

Conclusion

This study suggests a relationship between infant DHA expo-
sure and childhood growth, observed by changes in the timing
of adiposity rebound, fat mass, and BML Our findings add to
the many dietary and lifestyle factors involved in the increased
prevalence of obesity in children and adults observed in
Western societies. Further studies are needed to elucidate a
possible causality between the PUFA supply in infancy and the
pattern of growth in childhood.

METHODS

Subjects

COPSAC is a single-center, birth cohort study designed to assess
genetic-environmental interaction in high-risk infants and young
children to identify early-life exposures that can be modified to pre-
vent the development of atopic diseases. The COPSAC cohort has
previousty been described in detail (32,33). A total of 411 infants of
asthmatic mothers were enrolled at the age of 1 mo, At 2y, 93% of the

infants were still active in the cohort. Assessments included growth
measurements at all visits to the clinical research unit at 6-mo intervals

until the age of 7. The study was conducted in accordance with the

guiding principles of the Declaration of Helsinki and was approved by
the Ethics Committee for Copenhagen {KF 02-118/98) and the Danish
Data Protection Agency (1998-1200-359). Data validity was assured by
compliance with Good Clinical Practice guidelines and quality control
procedures.

Mothers’ Milk Samples

Samples of 2-5ml of mother’s milk were obtained from the mother
~1 mo after delivery. Time of sampling during the feed was left to the
mothers choice because the fatty acid composition does not change
during feeding (34). Milk aliquots of 2ml were then added 0.01%
2,6-di-tert-butyl-4-methylphenol (Sigma Chemical, St Louis, MO)
and frozen at —80°C. All milk samples were analyzed within 1 y after

Copyright @ 2012 International Pediarric Research Feundation, Inc.
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collection. Lipids from 1-ml of milk were extracted and methylated
with potassium hydroxide in methanel (35). The resulting fatty acid
methyl esters were extracted with heptane and separated by gas-liquid
chromatoegraphy (Hewlett-Packard, Waldbronn, Germany} as previ-
ously described {26). We identified peaks from lauric acid (12:0) to
DHA based on retention time of commercial standards (Nu-Chek-
Prep, Elysian, MN). Ninety-seven percent of the fatty acids in this inter-
val were identified. The content of individual fatty acids or fatty acid
classes is given as a percentage by weight of total fatty acid content.

Growth

Height was measured by Harpenden stadiometer (Holtain, Crymych,
UK). Weight was measured using calibrated digital weight scales. BMI
was calculated as weight (kg)/height (m?). Age and BMI at adipos-
ity rebound were graphically identified from individual BMI curves
for each participant. Z-scores were calculated in accordance with
World Health Organization recommendations (WHO Child Growth
Standards, http://www.who.int/childgrowth/standards/en/). Because
the aim of this study was to explore the long-term effect of breast milk
PUFA on growth, only growth data from 2 to 7 y of age were used for
analyses.

DXA Scanning

DXA scanning was performed between the ages of 6 and 9 y (mean
6.9 = 0.7, range 6.4-9.6 y) after aral and written informed consent was
obtained from the children and parents. The DX A-scanning measures
of bone and soft tissue composition were performed for the whole
body and subregions such as arms, legs, and trunk (17). A whole-body
scan was performed with a Lunar iDXA densitometer (GE Healthcare,
Fairfield, CT), with the child lying in situ on his or her back. The scan
was done from head to toes in one movement and lasted ~3min. All
scans were performed by three experienced examiners. All scan data
were scrutinized by an experienced specialist, and data analyses were
performed with enCore software (Minneapolis, MN)}. Weight and
height were registered for all participants on the day of the DXA scan,
and percentage of body fat was calculated as the measured fat mass
divided by the total body weight.

Physical activity level was registered by an omnidirectional accel-
erometer Actical (Philips Respironics, Murrysville, PA} placed on the
ankle and worn day and night over an average period of 26 d (range
7-28 d). Physical aclivity level was registered at 5 y {range 4-7) and
expressed as counts/min, previously described in detail (36).

Statistical Analyses

Results are given as mean * SD for all Gaussian-distributed data and
as median (25th-75th percentile) for non-Gaussian-distributed data.
The distribution of data was tested with Q-Q plots and histograms.
Linearity between the variables was tested by scatter plots, and homo-
geneity of variance was tested using residual plots and Levenes test. In
case of model control deviance, log-transformed values were used for
analyses. Statistical analyses were performed with SAS software {ver-
sion 2.2; SAS Institute, Cary, NC), and P < 0.05 was chosen as the level
of significance.

The association between BMI development from 2 to 7 y of age
and breast milk DHA and n-6/n-3 PUFA ratio was analyzed by linear
mixed models for repeated measurements in a longitudinal design. To
further study the long-term effect of breast milk DHA and n-6/n-3
PUFA ratio on growth, the association between the fatty acids and BMI
at 7 y was analyzed by multiple regressions using a generalized lincar
model. Likewise, the association between fatty acids and percentage of
body fat by DXA was analyzed by gencralized lincar models. Analysis
between DHA and n-6/n-3 ratio and age and BMI at adiposity rebound
was performed by generalized linear models. Potential covariates were
chosen in accordance with previous findings and included the duration
of exclusively breastfeeding (8,9), sex of the participants, exacl age at
examination, parental height (parental BMI was not accessible), mater-
nal age at delivery (37), and socioeconomic stalus classified as house-
hold income over the child's first year (38). Physical activity level was
also included as a potential covariate. All the potential covariates were
analyzed for correlations to the dependent variables and excluded from
the multivariable-adjusted regression analyses by stepwise backward

Copyright ® 2612 International Pediatric Research Foundation, Inc
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elimination with a cutoff P value of 0.15. Total PUFA content of the
breast milk was included as a covariate when analyzing the correlation
between n-6/n-3 PUFA ratio and BMI or fat mass.
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