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Breastfeeding and neurological outcome at 42 months
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This study investigated the effect of early feeding mode on the neurological condition at 42 months. For this
purpose, healthy pregnant women were recruited in Groningen and Rotterdam, The Netherlands. Children
were healthy and born at term. At 42 months, the children were neurologically examined by means of the
Touwen/Hempel technique. In addition to the clinical diagnosis, the neurological findings were interpreted
in terms of optimality. Special attention was paid to the quality of movements in terms of fluency. In total,
200 (51%) exclusively breastfed (far6 weeks) and 194 (49%) formula-fed children were studied. Twelve
(3%) 42-month-old children were considered to be neurologically mildly abnormal and 1 child was
diagnosed as abnormal. No effect of the type of feeding was found on the clinical diagnosis or the
neurological optimality. After adjustments for study centre and social, obstetric, perinatal and neonatal
neurological differences, a beneficial effect of breastfeeding on the fluency of movements was found (odds
ratio for non-optimal fluency 0.56; 95% confidence interval 0.37—0.85). The prolongation of full breastfeed-
ing beyond 6 weeks did not influence the quality of movements. In conclusion, among Dutch preschool
children, there was a small advantageous effect of full breastfeeding during the first 6 weeks of life on the
fluency of movements Breastfeeding, child development, essential fatty acids, human milk, infant
nutrition, neurological examination

Cl Lanting, Department of Obstetrics and Gynaecology, Perinatal Nutrition and Development Unit,
University Hospital Groningen, PO Box 30.001, 9700 RB Groningen, The Netherlands

Several studies have indicated a long-term beneficial effexnt optimal study population in which the expected frequency
of breastfeeding on psychomotor development (1-5), bof neurological abnormality is lower than that in the gen-
little information is available on the effect of breastfeedingral population (7). Half of the women in the study
on neurological development. In two previous papetsreastfed their infant, while the other half formula-fed
we investigated the effect of breastfeeding on postnathkir child. In order to guarantee a substantial level of
neurological development in children born at term. Firsgxposure, exclusive breastfeeding had to be sustained for
neonatal and 9-y neurological follow-up data from a grouat least 6 weeks. In addition to measures of prenatal and
of 135 breastfed and 391 formula-fed children born at terpostnatal exposure to these contaminants, information was
were studied (6). In the neonatal period, 539 279) of collected about the duration of lactation. The children were
these children either had a defined neurological syndroragamined neurologically in their second week after birth, at
or showed isolated signs of neurological deficit. The type &8 months of age and at 42 months. Although prenatal
feeding during early life and the duration of breastfeedingxposure to PCBs was negatively associated with the
were assessed in retrospect after a period of about 18 y. Tieurological condition at birth and at 18 months, no
data indicated a small beneficial effect of breastfeeding effect of lactational exposure to PCBs and dioxins on
long-term neurological development, but definite conclureurological development was found (8, 9). At 18
sions could not be drawn because of the retrospectiv®nths of age, an advantageous effect of breastfeeding
design of the study. on the quality of movements in terms of fluency was found
Secondly, in a prospective longitudinal study neurologicé8). The present study reports on the effect of early feeding
follow-up data were collected from a group of 418 childrertype and the effect of the duration of exclusive breastfeed-
The study was designed to examine the effects of envirdng on the neurological condition at 42 months in this
mental exposure to polychlorinated biphenyls (PCBs) amdhort.
dioxins in breastmilk on child development. In contrast to
human milk, formula milk is free of PCBs and dioxins, since
animal fats have been replaced with fats of vegetable origﬂ? . q hod
in the production process. Since we expected to find negat @t'ents and methods
effects of these toxic compounds, the criteria for inclusiofhe present study was initiated in June 1990. In two study
(see Methods) were strictly implemented in order to forroentres (Groningen and Rotterdam, The Netherlands),
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pregnant women were asked to volunteer for participatiofigble 1 Items and criteria for optimality used to calculate the fluency

The women were asked to participate by their midwives §luster score at 42 months.

obstetricians in the 34th to 36th week of pregnancy. It was -
planned to form a study group consisting of 50% breast-

Criteria for optimality

feeding mothers and 50% formula-feeding mothers. Theehension

women were provisionally assigned to one of two feeding- Quality of arm/shoulder movements

groups on the basis of their intention to breastfeed og Associated movements

formula-feed their infant after birth. For inclusion in the S Quality of hand mobility

study the mothers and their newborn infants had to meet tﬁ'ﬁ'?g R
. S . . . s ~ Trunk rotation, elicited

following criteria: (i) no serious illness or complications s ryency of trunk movements

during pregnancy and delivery; (ii) a normal, spontaneous. Acceleration/deceleration

vaginal delivery; (iii) healthy, first or second born, termstanding

infants; and (iv) in order to rule out racial differences in7. Trunk rotation, elicited

neurological development, both parents had to be Cauc§-Fluency of trunk movements

sian. In addition, for assignment to the breastfeeding grou; PYskinesia

mothers had to sustain full lactation for at least 6 weeR¥alking

after delivery. The number of weeks during which tha®: APty o walk and toddie

child was fed exclusively on breastmilk was recorded.

Formula-feeding mothers fed their infants exclusively ont. Fluency of trunk movements

Almiron M2 from one batch (Nutricia NV, Zoetermeer,12. Fluency of leg movements

The Netherlands) for at least 6 months after birth. In thg" Qzﬁl'(ﬁ’rr]‘écgmrg‘tg:"”g

formula milk, PCB and dioxin levels have been found t0 -

be below the detection limit (8). The study protocol was

Smooth
Absent or non-hindering
Smooth

Trunk rotatior45°
Smooth
Smooth

Trunk rotatior45°
Smooth
No dyskinesia

Able to walk without help,
and no toddling in the
walking pattern at any speed
Smooth
Smooth
Present
No, or sometimes walking on
tip-toe voluntarily

approved by the medical ethics committees from the “The term toddling refers to the characteristic walking pattern of young

University Hospitals in both Groningen and Rotterdam. children in which the trunk is moved block-like, and gait width is broad,
and in which the legs appear to be moved like sticks.

Neurological condition

movements during prehension, sitting, crawling, standing

In the second week after birth, all neonates were examinadd walking (9). Re-inspection of the distribution of the
neurologically using the technique designed by Prechitb fluency items indicated a severe inconsistency in the
(10). At 18 and 42 months, the children were re-examinexppreciation of observations concerning the spontaneous
using an age-specific neurological examination, tHeunk rotation during sitting between the two researchers.
Touwen/Hempel technique (11). The neurological asseSdierefore, this item was excluded, leaving 14 items which
ment is performed in a standardized free-field situation ameere used to calculate the fluency cluster score (Table 1).

focuses on the observation of motor functions (prehension,
sitting, crawling, standing and walking). The 42-month-ol

children were classified as neurologically normal, mildiy-XPlanatory variables

abnormal or abnormal. The clinical diagnosis “abnormal’Social, obstetric and perinatal conditions were extensively
means that the child suffers from an overt neurologicaécorded using a 72-item questionnaire (13). For each
syndrome, which usually leads to a handicap in daily lifenother/infant pair, the number of items that fulfilled
The classification “mildly abnormal” implies that therepreset optimality criteria (12) was counted, and used as
are mild signs of neurological deficit which do not necesan obstetric optimality score (13). The neurological condi-
sarily lead to a handicapping situation, such as signs of miidn at 42 months was assessed by two researchers, one

hypertonia or hypotonia, or slight asymmetries.

in Groningen (CL) and one in Rotterdam (SP). Both

In addition to the clinical classification, the neurologicaéxaminers were trained and regularly supervised by
findings were interpreted in terms of optimality (12). A lisBCLT. They were not informed about the early type of
of 56 items was composed, for each of which an optimé&teding, the duration of breastfeeding or the outcome of the
range was defined (9). The neurological optimality scoreonatal and the 18-month neurological examinations.

(NOS) was determined by counting the number of items
falling within the optimal range. It should be kept in mindD
that optimality is not identical to “normal”; a reduced

ata processing and statistics

optimality score does not automatically imply a clinicalA regression analysis was performed to investigate the
diagnosis of “mildly abnormal” or “abnormal”. However, effect of the type of feeding and the duration of breastfeed-
mildly abnormal and abnormal children will virtually ing on the neurological condition at 42 months. The NOS
always show a reduced optimality score. Special attentiand the fluency cluster score were the dependent variable.
was paid to the fluency of movements. For that purposeCansidering the criteria for inclusion, it is not surprising
fluency cluster score was constructed for each 42-month-tkdht the distribution of the NOS was skewed to the left
child. The NOS contains 15 items describing the fluency ¢Table 1). For statistical reasons, the NOS was normalized
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by logarithmic transformation into —In(56.5-NOS) (th&able 2 Characteristics of the feeding groups.
highest possible NOS is 56). The potential confoundin

factors were the neonatal neurological condition, the eanly"2'® Breastfed  Formula-fed
type of feeding and the duration of full breastfeeding, and\g,mper of children 200 194
selection from the 72 items from the obstetric optimalit tudy centre

score {i.e. the mother’s age, body weight and height, bodygroningen 103 (51%) 101 (52%)
mass index [weight (kg)/ height (if]) education, profes-  Rotterdam 97 (49%) 93 (48%)
sion, and pregnancy cigarette and alcohol consumption, ténatal neurological diagnosis

partner’'s education and profession, and smoking habitdNormal 188 (94%) 182 (94%)
at the time of pregnancy, and the infant’s gestationalMildly abnormal 10(5%)  10(5%)

age, gender, birth order and birthweight}, the obstetric®"°™ma 2(1%)  2(1%)
urological optimality score at 42 months

optimality score and the study centre. Parental educatiHF&5th 50th, 75th percentile 51 52 54 50,52, 53%
was categorized as follows: 0, no qualifications; 1, second stet’rico t’imam score T T
education; and 2, university or higher professional trainin P y

X . : *25th, 50th, 75th percentile 63,65,66 61,64, 66*
Profession was coded O for skilled or unskilled workers, t
aternal age (y)

unemployed or rejected, housewives and students, 1 fOfean+ Sp 30+ 3 28+ 4*
lower and middle-class employees, and 2 for independght;cal weight (kg)

middle-class and higher professionals. Other codingSmean+ Sb 64+ 9 66+ 11
have been described elsewhere (13). The Studeté'st o etelet index (kg i)

was used for the comparison of meagstest for compari-  mean= SD 22+ 3 23+ 4
son of percentages, and Mann—Whitrigytest for com-  smoking during pregnancy

parison of non-parametric distributions. Results wereMother, yes 33 (17%) 69 (36%)*
judged significant when thg-value was<0.05. Father, yes 78 (39%) 86 (44%)

No alcohol consumption during pregnancy 127 (63%) 158 (81%)*
Formal education

Mother, high 126 (63%) 48 (25%)*
Results Father, high 125 (62%) 64 (33%)*
The intake of the breastfed and the formula-fed group wigfession .
completed after a period of 2y. At delivery, 489 mother/ ';A;}]h;r’,:g’ﬁ > %&)) o %‘;‘é//?)*
infant pairs met the inclusion criteria, 71 (15%) of whic ender '
were lost, mainly due to difficulties in sustaining breast- ;e 114 (57%) 99 (51%)
feeding for 6 weeks or more, leaving a total number of 418 o qer
mother/infant pairs. For each mother the intention to Firsthorn 107 (53%) 86 (44%)
breastfeed or formula-feed was equal to the actual feediggweignt (kg)
type. At 42 months the neurological examination was mean+ SD 3.54+ 0.46 3.49+ 0.43
Carl’led out |n 394 (94%) Of these Ch”dren ThUS, the fin@uraﬁon of exclusive breastfeeding (Weeks)
study population consisted of 394 42-month-old children. 25th, 50th, 75th percentile 9,13,22 0

In 203 (51%) of the cases the 42-month neurologicat

examination was performed by CL (Groningen) and in.ddle_Class or higher profession

192 (49%) 'cases by SP (ROtterd{im)' Two-hundred (51% Significantly different from breéstfed group(< 0.05).

of these children had been exclusively breastfed for at least

6 weeks as babies and 194 (49%) had been formula-fed.

This proportion of formula-feeding mother/infant pairsstatistical significance was not reached. Four of the 12

corresponds well with the expected prevalence on tH@-month-olds classified as “mildly abnormal” were in

basis of national data; in The Netherlands, 48% of mothettse breastfed group, whereas 8 were in the formula-fed

were found to formula-feed their infant (14). Table 2 showgroup. One child, who had been breastfed as a baby, was

the characteristics of the feeding groups. In the breastfeemnsidered to be neurologically “abnormal” and showed

ing group the meart SD maternal Quetelet index was 22igns of spastic diplegia. The remaining 381 (97%) chil-

+ 3, indicating a good nutritional status. All mothers/infantiren were considered to be neurologically “normal”. Of

pairs were regular visitors to an infant welfare centre. the 42-month-olds classified as “normal”, 195 (51%) were

in the breastfed group and 186 (49%) were in the formula-

- . . . fed group. After adjustment for confounding variables, the

Clinical diagnosis vs feeding mode type of feeding proved to be unrelated to the clinical

In the second week after birth, 94% of the study populatiafiagnosis.

was diagnosed as neurologically normal. The number of

42-month-olds diagnosed as “mildly abnormal” wag .

somewhat higher in Rotterdam than in Groningar9 NOS Vs feeding mode

(5%) vs n=3 (1%), respectively;p = 0.06], although In Groningen, the median NOS at 42 months was equal to

Higher secondary, professional, or university trainifigdependent
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53 (range 47-56). In Rotterdam, the median NOS provédble 3 Results of a logistic regression analysis on a non-optimal fluency

to be 51 (range 30-56). This difference between the tvlyster scoré.

observers was found to be significaqt € 0.01) and was 95% confidence

mainly due to a systematic difference in the assessment@fiapies 0dds ratio interval

the following 10 items: yoke movements, spontaneous

trunk rotation, fluency of trunk movements, posturéeeding group _

during standing, distance between feet, ability to walkormula-feeding vs breastfeeding 0.56 0.37-0.85

and toddle, posture during walking, manoeuvrabilit}aternal smoking during pregnancy

during walking, position of the eyes and reflex threshold)s.t0 :j’s yest 1.62 1.01-2.64

In the neurologically “normal” group, the median (range)>tudy centre

NOS was 52 (37—56), whereas among the neurologicalfy°""9en vs Roterdam 1.06 0.71-1.59

“mildly abnormal” or “abnormal” children the median  acqged as: 6= optimal, 1= non-optimalin = 394.

(range) NOS equalled 38 (30—53) € 0.001). The NOS

was significantly higher in the breastfed group than in the

formula-fed group p = 0.04). However, after adjusting was considered to be optimal, whereas among the formula-

for confounding factors in a linear regression analysis, ttied toddlers this was 35% (= 69) (p < 0.01). In a logistic

early type of feeding was no longer associated with thregression analysis, a significant association with the type

NOS at 42 months. The duration of full breastfeeding wasf feeding was found (Table 3). In addition to the feeding

also unrelated to the NOS at 42 months. type, smoking by the mother during pregnancy and the

study centre were included in the final model. Other expla-

. natory variables did not improve the model fit and did not

Fluency of movements vs feeding mode explain the effect of feeding type. The fluency cluster score

In both Groningen and Rotterdam, the median fluensyas found to be unrelated to the duration of exclusive

cluster score equalled 13. In Groningen the fluency clustereastfeeding.

score ranged from 9to 14 and in Rotterdam it ranged from 5

to 14 (p = 0.02). This difference is mainly caused by a

systematic interobserver difference in the assessment of the .

following items: elicited trunk rotation, and ability to walk ISCussion

and toddle. Considering the distributions of the fluenci the group of 42-month-olds who were fed formula milk

cluster score for breastfed and formula-fed children (Fig. 1during the first 6 months of life, the frequency of a non-

it was decided for methodological reasons to dichotomizgptimal fluency of movements was about twice as high as

the fluency cluster score at the median of the pooled datattfat found among toddlers who were fully breastfed for 6

fluency cluster score equal to 14 was considered to bweeks or more. This beneficial effect of breastfeeding was

optimal, whereas a fluency cluster score of 13 or less walso found at 18 months of age in the present cohort (8). The

considered to be non-optimal. In 52% £ 104) of the fluency of movements has been found to be a reflection of

breastfed 42-month-old children the fluency cluster scobgain integrity in fetuses and preterms (15, 16). Recently, it

was reported that an abnormal quality of movements

during fetal life and early infancy is a marker of later

neurological dysfunction (17). Whether the presence and

severity of non-fluency of movements is associated with

frequency (%)

60 ‘-[-—:—é-r;;st_féd—---- behavioural and cognitive probler_ns_at later ages remains to
L‘— Formulafed ‘ be investigated. Such an association has been found for
so| - - mild neurological dysfunction at 9y of age (18).
‘ The advantageous effect of breastfeeding on the quality
a0 of movements was found in a low-risk population for
neurological abnormality (see inclusion criteria). This
' cohort was examined neurologically by two researchers,
30 one in Rotterdam and one in Groningen. Both NOS and
fluency cluster score differed significantly between the two
20 study centres, being systematically higher in Groningen
than in Rotterdam. In order to account for these differences,
10 - adjustments were made for the study centre.
. ‘ Breastfeeding avoids many of the hazards of artificial
I I B 1 feeding, including infection (19) and malnutrition in devel-

5 6 7 &8 9 10 M oping countries, and allergic disorders (19, 20) and obesity

fluency cluster score (21) in more developed societies, and is generally recog-

Fig. 1. Distribution of the fluency cluster score at 42 months of agBiZ€d as the most optimal method of infant feeding (22). In
according to type of infant feeding. Western countries research on the developmental effects of
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breastfeeding is complicated by the fact that breastfegite normal children), the finding that the type of feeding
children tend to come from more advantaged home envinfluences the quality of motor behaviour within a group of
onments than their formula-fed counterparts. The edugasrmally developing children is remarkable. This small
tional and professional level of both parents was higher &ffect should not alarm individual mothers who for a
the breastfeeding group than in the formula-feeding grougood reason do not breastfeed their infant. However, it
Also, breastfeeding mothers were older, they were mosaould be remembered that on a population basis such a
likely to be non-smokers, and they more often consumexinor increase in the mean score may have a noticeable
alcohol during pregnancy than the formula-feedingffect.
mothers (Table 2). In the present study social, obstetricin conclusion, in 42-month-old children a small bene-
and perinatal factors had no effect on the quality of movdicial effect of full breastfeeding during the first 6 weeks of
ments. Adjustments were made for the study centre alifé on the quality of movements in terms of fluency was
maternal smoking during pregnancy. However, it cannot tbeund. The prolongation of full breastfeeding beyond 6
completely excluded that the advantageous effect of breasieeks did not influence the neurological condition at 42
feeding is caused by factors such as genetic potential,roonths.
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