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Objective: To investigate the association of breast feeding with height and body mass index in child-
hood and adulthood.
Design: Historical cohort study, based on long term follow up of the Carnegie (Boyd-Orr) survey of diet
and health in pre-war Britain (1937–1939).
Setting: Sixteen urban and rural districts in Britain.
Subjects: A total of 4999 children from 1352 families were surveyed in 1937–1939. Information on
infant feeding and childhood anthropometry was available for 2995 subjects.
Main outcome measures: Mean differences in childhood and adult anthropometry between breast
and bottle fed subjects.
Results: Breast feeding was associated with the survey district, greater household income, and food
expenditure, but not with number of children in the household, birth order, or social class. In childhood,
breast fed subjects were significantly taller than bottle fed subjects after controlling for socioeconomic
variables. The mean height difference among boys was 0.20 standard deviation (SD) (95% confidence
interval (CI) 0.07 to 0.32), and among girls it was 0.14 SD (95% CI 0.02 to 0.27). Leg length, but not
trunk length, was the component of height associated with breast feeding. In males, breast feeding was
associated with greater adult height (difference: 0.34 SD, 95% CI 0.13 to 0.55); of the two compo-
nents of height, leg length (0.26 SD, 95% CI 0.02 to 0.50) was more strongly related to breast feed-
ing than trunk length (0.16 SD, 95% CI −0.04 to 0.35). Height and leg length differences were in the
same direction but smaller among adult females. There was no association between breast feeding and
body mass index in childhood or adulthood.
Conclusions: Compared with bottle fed infants, infants breast fed in the 1920s and 1930s were taller
in childhood and adulthood. As stature is associated with health and life expectancy, the possible long
term impact of infant feeding on adult mortality patterns merits further investigation.

The benefits of breast feeding during infancy are well
known, but the effects on childhood and adult health are
less clear.1 Cohort studies suggest that breast feeding is

associated with reduced adult serum cholesterol
concentrations,2 3 ischaemic heart disease mortality,4 non-
insulin dependent diabetes mellitus,5 and Helicobacter pylori
infection,6 although protective effects have not been found in
all studies,7 and in some animal models breast feeding is asso-
ciated with atherogenic cholesterol profiles.8 However, these
studies are difficult to interpret for several reasons. Firstly,
those who are breast fed may be different from those who are
bottle fed, for example with respect to socioeconomic
confounding factors related to future health.9 The potential for
socioeconomic confounding, and its direction, may be
different at different time periods because socioeconomic pat-
terns of breast feeding have varied throughout the 20th
century.10 11 Secondly, previous studies of breast feeding and
later health have generally adjusted only for one marker of
socioeconomic conditions, usually adulthood social class,
which may not accurately reflect the underlying confounding
exposures of interest.

As well as reflecting genetic factors, height is an accepted
marker for childhood diet and health throughout the growing
years.12 Childhood and adult stature is in turn related to future
cause specific morbidity and mortality, providing evidence for
an influence of early life factors on later health.13–15 Leg length
appears to be the component of childhood height most sensi-
tive to early adverse dietary and economic exposures.16–19 Leg
length is also the component of height most strongly related to
cause specific mortality.13 However, the specific dietary and
environmental exposures associated with height earlier this

century are only starting to be elucidated.16 In a recent study,

increased duration of breast feeding was associated with

reduced prevalence of childhood overweight and obesity.20

However, this association may reflect incomplete adjustment

for social factors associated with breast feeding today,21 which

are currently more pronounced than they were earlier this

century.22

The Carnegie (Boyd-Orr) survey of diet and health in

pre-war Britain was a large cross sectional survey involving

1352 families. As part of this survey, data on breast feeding

incidence and duration and a variety of socioeconomic and

anthropometric variables were collected.23 24 The aim of this

analysis was to investigate the association between breast

feeding in the 1930s and (a) a wide range of family level

socioeconomic variables, and (b) childhood and adult height,

the components of height (leg length and trunk length), and

body mass index (BMI).

MATERIALS AND METHODS
The Carnegie survey
The Carnegie survey was a cross sectional study of diet, social

circumstances, and health carried out in 16 urban and rural

districts in Britain between 1937 and 1939. The sampling

frame and examination methods used have been described in

detail elsewhere.23 24 Briefly, 1352 families were surveyed, and

the cohort is based on the records of 4999 children from these

families who were aged between zero and 19 years at the time

of the survey.23 The number of subjects has increased slightly

since earlier publications as a result of further searches of

archived records and contacts with surviving study members.
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Families were generally identified from the more deprived

localities through contacts made by local health workers, and

two thirds consented to participation.24 The survey records

have been retrieved from archives at the Rowett Research

Institute, Aberdeen, and individuals have been traced using

the National Health Service Central Register. Cross sectional

data on childhood anthropometry and infant feeding methods

were recorded for 2995 subjects (60%) from 1072 families. The

reduced number available for analysis is mainly because in

two centres medical examinations were not performed.

Infant feeding
Details of the method of infant feeding and duration of breast

feeding were obtained from the mother at the time of the sur-

vey for each child aged 0–19 years. Thus breast feeding

occurred between 1918 and 1939, depending on the age of the

child at measurement. We coded subjects as breast fed (at least

two weeks) or bottle fed; for breast fed infants, we coded

breast feeding duration as: two weeks to < two months; > two

to < six months; > six to < 12 months; > 12 months; and

unknown. The six month cut off reflects the contemporane-

ously recommended weaning age.25 The > 12 month category

reflects prolonged breast feeding.

Sociodemographic variables
Per capita weekly household expenditure on food, income, and

household size were obtained from the original survey

material.23 Birth order was based on the child’s position among

the children living in the household at the time of the survey,

and social class of the head of the household was assigned

using the Registrar General’s 1931 classification.24

Childhood anthropometry
The techniques used to measure standing height, leg length,

and body weight have previously been described.23 Standing

height was measured to the nearest millimetre with a portable

measuring stand. Leg length was measured with a steel tape

measure and recorded as the distance from the ground to the

summit of the iliac crest. Trunk length was calculated by sub-

tracting leg length from overall height. Using these data inter-

nally, age and sex standardised z scores for height, leg length,

trunk length, and BMI were computed using polynomial

regression techniques.13 16 The z scores for BMI were based on

the reciprocal transformation of BMI.26

As height measurement in children under 2 years of age

tends to be unreliable and because of a large number of miss-

ing data in children of this age and in the 15 and over age

band, z scores were calculated only for children aged between

2 and 14 years 9 months as in previous reports13—that is, chil-

dren breast fed between 1922 and 1937. Internally derived

standards have been used because no acceptable cross

sectional reference standards exist for childrens’ heights and

weights in the 1930s.13 For children 8 years of age and under,

each unit of z score for childhood height and leg length is

approximately equivalent to 4–6 cm and 3–4 cm respectively,

and for children over 8 years of age each unit of z score for

childhood height and leg length is approximately equivalent

to 6–9 cm and 4–6 cm respectively. Of those aged between 2

years and 14 years 9 months, information on both breast

feeding status and height, trunk length, leg length, and BMI

was available on 2455, 2366, 2369, and 2444 subjects

respectively.

For 416 of the subjects with breast feeding data, there were

data on measured birth weight in pounds and ounces.27 These

data were used to assess whether birth weight was associated

with breast feeding in this subsample.

Follow up self reported anthropometry
Between 1997 and 1998, all 3182 surviving members of the

Boyd-Orr cohort traced at the National Health Service Central

Register were sent health and lifestyle questionnaires.28 As

part of the survey, subjects were asked to report their current

height (in feet and inches), inside leg measurement (in

inches), and weight in light clothing (in stones and pounds).

After two reminders, 1647 completed questionnaires were

returned (52% response). From these, information on adult

height, trunk length, leg length, and BMI was available for

1029, 746, 761, and 999 respectively of the subjects with child-

hood breast feeding data. In a validation study on a subsam-

ple (294) of these subjects, correlations between self report

and measured height and weight were over 0.90 and for leg

length were over 0.70.28 Shorter people and older people

tended to over-report their height, and the overweight under-

reported their weight.28

Surviving members of the Boyd-Orr cohort were also asked

about parental height. Data were available on maternal and

paternal heights for 787 offspring with breast feeding data.

The mean maternal and paternal heights reported by

individuals in each family were used to assess whether breast

feeding was associated with maternal or paternal height in

this subsample.

Statistical analysis
All analyses were performed using Stata release 7.0.29 The age,

sex, and geographical (survey district) distributions of breast

feeding status and breast feeding duration were compared

using unpaired t tests, the Wilcoxon rank sum test, and the χ2

test for heterogeneity as appropriate. Mean birth weights and

parental heights in never and ever breast fed children were

compared using unpaired t tests.

Associations between breast feeding and socioeconomic

factors were investigated using logistic regression. Clustering

effects may have arisen because several cohort members

belonged to the same families and therefore shared genetic

influences on anthropometry, as well as childhood socioeco-

nomic conditions and propensity to being breast fed. To

account for this, we estimated robust standard errors30

adjusted for clustering at the family level for the association

between breast feeding and socioeconomic variables. Separate

models with additional adjustment for age and survey district

were also fitted. Associations between breast feeding and

anthropometry (age and sex standardised z scores for height,

leg length, trunk length, and BMI) were examined by random

effects linear regression modelling using the maximum likeli-

hood estimator. This allowed for between-family differences in

mean height. Separate models with additional adjustment for

socioeconomic factors (social class, number of children, birth

order, and income category, all entered as categorical

variables) and survey district were also fitted. All effect

estimates were calculated on the same subset of subjects with

complete data for the index dependent variable and all covari-

ates adjusted for, in order to ensure an unbiased assessment of

confounding.

Likelihood ratio tests were used to assess whether the

association of breast feeding with anthropometry differed

with respect to age, sex, and income group (interaction). To

assess effect modification by age on childhood anthropometry,

we investigated associations between breast feeding and

anthropometry in two age bands: children aged 8 years or less

and those aged over 8 years. Eight years of age was chosen so

that there were approximately equal numbers of survey mem-

bers in each group and to ensure that all children in the

younger age group were prepubertal.

To further investigate the potential for confounding by

shared environmental exposures other than breast feeding,

the association between breast feeding and stature was also

estimated in the subset of families who had at least one pair of

children discordant for breast feeding status.
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RESULTS
Factors associated with breast feeding
A total of 2178 (72.7%) subjects were breast fed for at least two

weeks (4.3% of subjects were breast fed but for less than two

weeks). There were no differences in the proportion of males

(72.8%) and females (72.6%) who were breast fed. The median

duration of breast feeding was nine months and was the same

in males and females (p = 0.46). The mean (SD) ages of breast

fed (6.8 (4.0) years) and bottle fed (6.9 (4.0) years) children

were similar at the time they were measured in childhood.

Breast feeding rates differed substantially in different survey

locations, varying from 59.0% to 85.7% (p < 0.0001).
Breast feeding was not associated with the number of chil-

dren in the household, the child’s birth order, or the social
class of the head of the household (table 1). Families with a
weekly per capita income of over 20 shillings were more likely
to breast feed (80.4%) than families with an income of less
than 10 shillings (72.3%). The adjusted odds ratio (OR) com-
paring the highest with the lowest income groups was 1.79
(95% confidence interval (CI) 1.04 to 3.08). There was
evidence that expenditure on food was associated with breast
feeding after adjustment for survey district (OR for trend: 1.14
(95% CI 0.99 to 1.31)), but this was of borderline significance.
For the children with birthweight data (n = 416), there was
no difference in the mean birth weights of breast fed (7 lbs 8.3

oz) and bottle fed (7 lbs 9.7 oz) children (difference 1.4 oz

(95% CI −3.3 to 6.1); p = 0.56). For those with data on paren-

tal height (n = 787), there were no differences between breast

and bottle fed children in mean maternal (161.2 v 160.5 cm;

p = 0.24) and paternal (172.1 v 172.3 cm; p = 0.75) heights.

When duration of breast feeding was examined in relation

to socioeconomic factors (table 2), there was a suggestion that

although children from affluent families were more likely to

be breast fed, breast feeding was continued for shorter time

periods.

Breast feeding and childhood growth
Table 3 shows the sex specific mean differences between breast

and bottle fed subjects in relation to childhood stature and

BMI. There was no association between breast feeding and

BMI in childhood. However, breast fed subjects were

significantly taller than bottle fed subjects; in fully adjusted

models, breast fed boys were on average 0.20 SD (95% CI 0.07

to 0.32) taller than bottle fed boys; breast fed girls were on

average 0.14 SD (95% CI 0.02 to 0.27) taller than bottle fed

girls. When trunk length and leg length were examined sepa-

rately, leg length was the component of childhood height most

strongly related to breast feeding. The association between

breast feeding and leg length appeared to be stronger in boys

(0.23 SD; 95% CI 0.10 to 0.36) than girls (0.13 SD; 95% CI 0.01

Table 1 Association between breast feeding and socioeconomic variables, Boyd-Orr cohort, UK

Variable

No in subset
with complete
data for
adjusted
analyses*

Infant feeding status Odds ratio (95% CI)

Breast fed Bottle fed Adjusted for age†
Adjusted for age†
and survey district

Mean (SD) no of children‡ 2987 4.6 (2.0) 4.6 (2.2) 0.99 (0.92 to 1.06) 0.96 (0.89 to 1.03)
p=0.72 p=0.23

Birth order (%) 2994
1 479 (70.8) 198 (29.3) 1.00 1.00
2 517 (73.5) 186 (26.5) 1.15 (0.94 to 1.40) 1.16 (0.95 to 1.43)
3 445 (74.4) 153 (25.6) 1.20 (0.94 to 1.53) 1.18 (0.92 to 1.52)
4+ 736 (72.4) 280 (27.6) 1.08 (0.79 to 1.48) 1.01 (0.73 to 1.39)

Trend 1.02 (0.92 to 1.13); 1.00 (0.89 to 1.11)
p=0.69 p=0.95

Income group (%)§ 2968
<10s 1547 (72.3) 593 (27.7) 1.00 1.00
10–15s 392 (73.1) 144 (26.9) 1.05 (0.78 to 1.39) 1.12 (0.83 to 1.52)
>15–20s 101 (72.1) 39 (27.9) 0.99 (0.60 to 1.66) 1.13 (0.67 to 1.89)
>20s 123 (80.4) 30 (19.6) 1.59 (0.96 to 2.63) 1.79 (1.04 to 3.08)

Trend per category of income 1.10 (0.96 to 1.26); 1.16 (1.00 to 1.34);
p=0.18 p=0.05

Expenditure group (%){ 2987
<4s 11.75d 1226 (72.3) 471 (27.8) 1.00 1.00
5s–6s 11.75d 564 (73.2) 207 (26.9) 1.05 (0.78 to 1.40) 1.29 (0.93 to 1.78)
7s–8s 11.75d 227 (72.1) 88 (27.9) 0.99 (0.68 to 1.44) 1.20 (0.82 to 1.76)
>9s 154 (75.1) 51 (24.9) 1.17 (0.77 to 1.78) 1.50 (0.96 to 2.34)

Trend per category of expenditure 1.03 (0.91 to 1.17); 1.14 (0.99 to 1.31);
p=0.61 p=0.07

Social class (%)¶ 2744
I/II 128 (72.7) 48 (27.3) 1.00 1.00
III 392 (69.1) 175 (30.9) 0.84 (0.47 to 1.49) 0.71 (0.39 to 1.28)
IV 433 (71.7) 171 (28.3) 0.95 (0.54 to 1.65) 1.02 (0.57 to 1.81)
V 346 (72.4) 132 (27.6) 0.98 (0.53 to 1.80) 0.76 (0.41 to 1.41)
Unemployed 695 (75.6) 224 (24.4) 1.16 (0.66 to 2.04) 0.82 (0.45 to 1.49)

Trend per category of social class 1.08 (0.98 to 1.19); 1.00 (0.89 to 1.12);
p=0.13 p=0.98

Odds ratios calculated using logistic regression with standard errors adjusted for clustering at the family level.
*Odds ratios were calculated on the same subset of subjects with full data for the index explanatory variable and all covariates adjusted for, in order to
ensure an unbiased assessment of confounding.
†Age entered as a continuous variable.
‡Number of children entered as a continuous variable.
§Income (shillings; s) per head per week as recorded in original survey, but with the original last three groups collapsed into a single category.
{Shillings and pence per head per week spent on food as recorded in the original survey but with the original last three groups collapsed into a single
category.
¶Assigned using the Registrar General’s 1931 classification of occupations from social class I (professional) to social class V (unskilled manual).
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to 0.26). However, there was no statistical evidence of interac-

tion between sex and breast feeding on childhood leg length

(p = 0.28), height (p = 0.83), trunk length (0.48), or BMI

(p = 0.11). There was also no statistical evidence of interac-

tion between family income and breast feeding on any of the

growth variables. The associations between breast feeding and

childhood height and leg length were also observed when the

analysis was restricted to families in whom there were

children with discordant breast feeding history (height:

n = 191 families and 615 individuals; mean height difference

(boys and girls), breast v bottle fed: 0.10 SD (95% CI −0.01 to

0.21; p = 0.075); leg length: n = 180 families and 562

individuals; mean leg length difference: 0.15 SD (95% CI 0.03

to 0.26; p = 0.012)). There was no association between breast

feeding and trunk length in families in whom there were chil-

dren with discordant breast feeding history (mean trunk

length difference: −0.05 SD (95% CI −0.18 to 0.08; p = 0.45)).

The median duration of breast feeding among those siblings

who were breast fed in this subsample was nine months

(equivalent to the whole sample).

There was evidence of interaction between age and breast

feeding on height (p = 0.014), leg length (p = 0.006), and

trunk length (p = 0.069), but not on BMI (p = 0.18). Table 4

presents breast feeding/growth associations in children aged 8

years or less and in those aged over 8 years (the pre-specified

age categories). As there was no evidence of interaction

between sex and breast feeding on growth, results are

presented for boys and girls combined. The positive associ-

ation of breast feeding with height was greater in those aged

over 8 than in those under 8. Therefore, age specific

associations of breast feeding with anthropometry were

investigated in more detail using two year age bands (fig 1).

There was some evidence of a linear increase in the effect of

breast feeding on height (p for trend: 0.034) and leg length (p

for trend: 0.006), but not trunk length (p for trend: 0.14) with

increasing age group.

Figure 2 shows the association between duration of breast

feeding and childhood anthropometry. There was no evidence

of an increase in BMI for each unit increase in duration of

breast feeding category compared with bottle feeding as the

baseline group (0.02 SD; 95% CI −0.01 to 0.05; p = 0.23).

Although there was statistical evidence of an increase in

height (0.06 SD; 95% CI 0.03 to 0.09; p < 0.0001) and leg

length (0.06 SD; 95% CI 0.03 to 0.09; p < 0.0001) for each unit

increase in duration of breast feeding category, there was no

clear evidence of a dose response after two months.

Breast feeding and adult size
Table 5 shows the associations between breast feeding and self

reported adult anthropometry. There was no relation between

breast feeding and adult BMI, but among males the

associations of breast feeding with adult height and leg length

seen in children persisted into adulthood in the fully adjusted

models (mean height difference: 2.49 cm (95% CI 0.94 to

4.03); mean leg length difference: 1.25 cm (95% CI 0.09 to

2.40)). Expressed in terms of z scores, the fully adjusted mean

height and leg length differences were 0.34 SD (95% CI 0.13 to

0.55; p = 0.002) and 0.26 SD (95% CI 0.02 to 0.50; p = 0.034)

respectively. There were also positive associations of breast

feeding with height and leg length among adult females, but

these were smaller than those observed in adult males and of

borderline significance. There was no association between

breast feeding and adult height when the analysis was

restricted to families in whom there were children with

discordant breast feeding history (n = 70 families and 178

individuals; mean height difference: −0.81 cm (95% CI −3.55

to 1.93; p = 0.56), although the sample available for this

analysis was small.

DISCUSSION
Main findings
As far as we are aware, this is the first study to investigate the

long term influences of breast feeding on both height and

weight beyond mid childhood and into adulthood. We found

that, in children examined in the late 1930s in the Carnegie

(Boyd Orr) survey, breast feeding in the 1920s and 1930s was

Table 2 Association between duration of breast feeding* and selected
socioeconomic variables, Boyd-Orr cohort, UK

2 weeks to <2
months >2 to 6 months

>6 to 12
months

Over 12
months

Income group (%)†
>20s 16 (14.7) 27 (24.8) 60 (55.1) 6 (5.5)
>15–20s 9 (10.3) 22 (25.3) 49 (56.3) 7 (8.1)
10–15s 15 (4.5) 105 (31.3) 178 (53.0) 38 (11.3)
<10s 85 (6.5) 302 (23.2) 745 (57.3) 168 (12.9)

χ2 test for heterogeneity (9 df) p=0.001

Expenditure group (%)‡
>9s 18 (13.2) 34 (25.0) 75 (55.2) 9 (6.6)
7s–8s 11.75d 9 (4.8) 52 (27.8) 105 (56.2) 21 (11.2)
5s–6s 11.75d 46 (9.4) 138 (28.2) 245 (50.0) 61 (12.5)
<4s 11.75d 52 (5.1) 237 (23.1) 608 (59.2) 130 (12.7)

χ2 test for heterogeneity (9 df) p<0.0001

Social class (%)§
I/II 12 (10.3) 37 (31.9) 61 (52.6) 6 (5.2)
III 18 (5.4) 115 (34.2) 182 (54.2) 21 (6.3)
IV 32 (8.2) 93 (23.9) 207 (53.1) 58 (14.9)
V 16 (5.8) 65 (23.6) 160 (58.2) 34 (12.4)
Unemployed 46 (8.0) 116 (20.1) 336 (58.2) 79 (13.7)

χ2 test for heterogeneity (12 df) p<0.0001

Percentages (in parentheses) relate to row totals.
*Excluding duration unknown.
†Income (shillings; s) per head per week as recorded in original survey, but with the original last three
groups collapsed into a single category.
‡Shillings and pence per head per week spent on food as recorded in original survey but with the original
last three groups collapsed into a single category.
§Assigned using the Registrar General’s 1931 classification of occupations from social class I (professional)
to social class V (unskilled manual).
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associated with greater childhood and adult stature in both

males and females. Leg length was the component of

childhood height that was most strongly related to breast

feeding, perhaps reflecting the fact that leg length is the com-

ponent of height most sensitive to prepubertal influences on

growth.16

Limitations
If the socioeconomic covariates used to adjust for social and

economic conditions in the 1930s were insufficiently detailed, or

individuals were misclassified, then we may not have com-

pletely controlled for socioeconomic confounding (residual

confounding).31 However, residual confounding is unlikely

because the observed associations were not attenuated after

controlling for a range of socioeconomic variables. We found no

differences in mean parental height between breast fed and

bottle fed infants in subsamples of the surveyed children. We

also observed an association between breast feeding and child-

hood height when the analysis was restricted to within family

height differences in relation to within family differences in

breast feeding in an attempt to control for shared environmen-

tal and economic exposures influencing breast feeding and

stature. There was no longer an association between breast

feeding and later adult height in families with both breast and

bottle fed infants (n = 70), although the wide confidence inter-

val highlights the imprecision of this effect estimate.

Table 3 Association between breast feeding and childhood anthropometric variables, Boyd-Orr cohort, UK

Variable*
No in subset with
complete data

Mean (SD) anthropometric z score
Mean difference (95% CI) in z scores (breast fed minus
bottle fed)

Breast fed Bottle fed
Adjusted for clustering
at the family level

Also adjusted for
socioeconomic factors†
and survey district

Males
Height 1059 0.054 (0.97) −0.168 (0.99) 0.19 (0.06 to 0.33) 0.20 (0.07 to 0.32)

p=0.005 p=0.003
Trunk length 1023 0.083 (0.98) −0.102 (1.00) 0.12 (−0.02 to 0.26) 0.04 (−0.10 to 0.17)

p=0.11 p=0.59
Leg length 1023 0.015 (0.97) −0.158 (0.99) 0.18 (0.04 to 0.31) 0.23 (0.10 to 0.36)

p=0.01 p<0.0001
Body mass index 1055 0.004 (0.97) 0.001 (1.09) 0.001 (−0.14 to 0.14) −0.03 (−0.17 to 0.11)

p=0.95 p=0.72

Females
Height 1156 0.039 (0.97) −0.094 (1.00) 0.12 (−0.01 to 0.24) 0.14 (0.02 to 0.27)

p=0.08 p=0.02
Trunk length 1112 0.084 (0.98) −0.052 (1.00) 0.12 (−0.01 to 0.26) 0.11 (−0.02 to 0.23)

p=0.07 p=0.10
Leg length 1114 −0.004 (0.97) −0.082 (1.01) 0.08 (−0.05 to 0.21) 0.13 (0.01 to 0.26)

p=0.21 p=0.04
Body mass index 1150 0.030 (0.99) −0.084 (1.00) 0.09 (−0.04 to 0.22) 0.08 (−0.05 to 0.21)

p=0.18 p=0.25

Mean differences between breast fed and bottle fed subjects were calculated using random effects regression modelling.
*Internally age and sex standardised z scores calculated for children aged 2 years to 14 years 9 months.
†Socioeconomic factors adjusted for were social class, number of children, birth order, and income category (all entered as categorical variables).

Table 4 Age specific association between breast feeding and childhood anthropometric variables, Boyd-Orr cohort,
UK

Variable*
No in subset with
complete data

Mean (SD) anthropometric z score
Mean difference (95% CI) in z scores (breast fed minus
bottle fed)

Breast fed Bottle fed
Adjusted for clustering
at the family level

Also adjusted for
socioeconomic factors†
and survey district

Age 8 years or less
Height 1178 −0.006 (0.96) −0.07 (1.01) 0.10 (−0.03 to 0.22) 0.12 (−0.01 to 0.24)

p=0.13 p=0.06
Trunk length 1109 0.03 (0.99) −0.06 (1.00) 0.06 (−0.07 to 0.20) −0.001 (−0.13 to 0.13)

p=0.37 p=0.99
Leg length 1111 −0.04 (0.94) −0.03 (1.04) 0.04 (−0.09 to 0.17) 0.11 (−0.01 to 0.23)

p=0.53 p=0.08
Body mass index 1172 0.002 (0.97) −0.09 (1.06) 0.07 (−0.06 to 0.20) 0.03 (−0.11 to 0.16)

p=0.30 p=0.69

Age over 8 years
Height 1037 0.11 (0.98) −0.19 (0.98) 0.25 (0.11 to 0.38) 0.25 (0.12 to 0.38)

p<0.001 p<0.001
Trunk length 1026 0.14 (0.97) −0.09 (0.99) 0.17 (0.03 to 0.31) 0.14 (0.01 to 0.28)

p=0.019 p=0.04
Leg length 1026 0.053 (1.00) −0.21 (0.96) 0.21 (0.07 to 0.35) 0.24 (0.11 to 0.37)

p=0.003 p<0.001
Body mass index 1033 0.04 (0.98) 0.01 (1.02) −0.02 (−0.17 to 0.12) −0.09 (−0.23 to 0.05)

p=0.74 p=0.23

Mean differences between breast fed and bottle fed subjects were calculated using random effects regression modelling.
*Internally age and sex standardised z scores calculated for children aged 2 years to 14 years 9 months.
†Socioeconomic factors adjusted for were social class, number of children, birth order, and income category (all entered as categorical variables).
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Adult heights were self reported, resulting in some
misclassification.28 However, for this source of misclassifica-
tion to explain the observed associations of breast feeding
with adult height and leg length would require elderly adults
who were breast fed as infants to over-report their height and
leg length compared with elderly adults who were bottle fed.
We believe that any misclassification bias is more likely to be
non-differential, biasing the results towards the null value of
no association rather than explaining the observed results.

It is also possible that sickly neonates were less likely to
have been breast fed,10 and early poor health rather than breast
feeding may have affected their growth.32 Furthermore,
within-family differences in feeding patterns may reflect dif-
ferences between family members in infant health. In
observational studies, it is difficult to control for such effects;
however, we found no differences in mean birth weights
between breast fed and bottle fed infants in a subsample of
the surveyed children.

Figure 1 Age specific association in 2 year age bands between breast feeding and childhood height, Boyd-Orr cohort, UK. Mean
differences between breast fed and bottle fed subjects calculated using random effects regression modelling and adjusted for clustering at the
family level (sample sizes were too small for additional adjustments). Point estimates and 95% confidence intervals (CI) are shown.

Figure 2 Association of breast feeding duration and childhood anthropometry, Boyd-Orr cohort, UK. Duration specific mean differences in
anthropometric z scores calculated using random effects regression modelling controlling for socioeconomic factors (social class, number of
children, birth order, and income category all entered as categorical variables), clustering, and survey district. Point estimates and 95%
confidence intervals (CI) are shown.
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Biased recall of breast feeding is unlikely to explain our

results because the recall period was relatively short in our

study and several reports show close agreement between long

term recall and postnatal records.33

Comparison with other studies
The constitution of artificial feeds has changed over the course

of the last century. In the past, infants who were artificially fed

were given fresh cows milk with added sugar, patent prepara-

tions of dried cows milk, machine skimmed condensed milk,

or patent foods made from wheatflour or arrowroot.10 25 It is

difficult to assess whether such differences would be observed

between infants breast fed and formula fed today. The quality

of alternatives to breast feeding in the 1920s and 1930s may

underlie the positive associations observed between breast

feeding and linear growth, raising uncertainty about the con-

temporary relevance of our results. The observed associations

are, however, suggestive of an important role of infant feeding

on later growth, which may be of particular relevance in

developing countries where large numbers of people do not

have access to modern infant formula milk, clean water, sew-

age disposal, or fuel.34 35 In developed countries, the association

between breast feeding and linear growth suggests that infant

nutrition may be a biologically relevant exposure underlying

the height and leg length mortality associations observed in

cohorts born in the 1920s and 1930s.13 36 37

In agreement with several previous studies, we found no

association between breast feeding and childhood BMI,3

although a more recent study showed a protective association

of breast feeding on overweight and obesity.20 The differences

between the recent study and our results may be explained by

differences in the alternatives to breast feeding between 1920

and 1990, or incomplete adjustment for social and economic

differences in breast feeding,22 which are more pronounced

now than in the 1920s and 1930s.25 The absence of an associ-

ation between breast feeding and BMI in subjects at age 60–80

years does not exclude the possibility of an association at

younger ages.

Reports on the influence of breast feeding on childhood

height in more recent birth cohorts provide conflicting results.

Some show no association between breast feeding and height

up to 7 years of age, but unlike this paper there are no studies

in later childhood or adulthood.38 39 Another study found that

breast fed children were significantly taller than formula fed

children at age 7 years, but that the association disappeared in

a multivariable model. However, this model included skeletal

maturity as a covariate, which may have had the effect of

over-controlling for a factor on the causal pathway—for

example, if breast feeding influences maturity.40

The breast feeding rates observed in this cohort were

relatively high (ever: 72.7%; over six months: 41.9%)

compared with more recent breast feeding patterns (ever:

66%; over six months: 22%).21 However, our breast feeding

rates mirror those derived from contemporaneously published

literature.41 In line with findings from studies conducted in the

1930s and 1940s, we found a relatively weak relation between

markers of economic status and a history of ever having been

breast fed.42

Mechanisms
There are a number of possible reasons for the association

between breast feeding and later height. These include (a)

setting of the growth trajectory through optimum nutrition32;

(b) protection against enteric or respiratory infections which

were more common in those who were artificially fed10 25; (c)
the potential psychological effects of breast feeding and

maternal bonding on future upbringing43; (d) the establish-

ment of taste thresholds and behavioural patterns of eating

that influence later growth.25 It is not possible within this

dataset to assess which of these is more likely. We found no

evidence of interaction between breast feeding and family

income on height, suggesting that the impact of infant feeding

method is not greater among those who are poorer (who

would be expected to be exposed to adverse conditions,

predisposing for example to respiratory and enteric infec-

tions).

The reasons why the association of breast feeding with

height was more pronounced after mid-childhood are unclear.

If breast feeding increased stature by improved nutrition

alone, we would have expected breast feeding associations

with height to be more pronounced in younger children. There

are a number of possible explanations for this finding. Firstly,

it may have been a chance result. Secondly, as the surveyed

children included in the analysis were aged 2–14 years, the age

Table 5 Association between breast feeding and self reported adult stature, Boyd Orr cohort, UK

Variable
No in subset with
complete data

Mean (SD) Mean difference (95% CI) (breast fed minus bottle fed)

Breast fed Bottle fed

Adjusted for age* and
clustering at the family
level

Also adjusted for
socioeconomic factors†
and survey district

Males
Height (cm) 439 173.42 (6.98) 171.17 (7.85) 2.38 (0.81 to 3.94) 2.49 (0.94 to 4.03)

p=0.003 p=0.002
Trunk length (cm) 360 97.09 (5.15) 96.20 (4.91) 0.91 (−0.31 to 2.13) 0.98 (−0.27 to 2.14)

p=0.15 p=0.11
Leg length (cm) 368 76.31 (4.97) 75.47 (4.63) 1.06 (−0.10 to 2.23) 1.25 (0.09 to 2.40)

p=0.074 p=0.034
Body mass index 431 27.20 (5.24) 26.62 (5.19) 0.55 (−0.55 to 1.65) 0.60 (−0.52 to 1.71)

p=0.33 p=0.29

Females
Height (cm) 502 160.38 (6.38) 159.55 (6.59) 0.95 (−0.38 to 2.27) 1.01 (−0.27 to 2.29)

p=0.16 p=0.12
Trunk length (cm) 328 89.68 (4.99) 89.93 (4.68) −0.38 (−1.65 to 0.89) −0.64 (−1.91 to 0.62)

p=0.56 p=0.32
Leg length (cm) 335 70.81 (4.95) 69.85 (5.41) 1.24 (−0.04 to 2.51) 1.17 (−0.08 to 2.42)

p=0.057 p=0.067
Body mass index 483 27.71 (6.83) 28.00 (7.61) −0.08 (−1.51 to 1.36) −0.28 (−1.70 to 1.15)

p=0.92 p=0.70

Mean differences (natural units) were calculated using random effects regression modelling.
*Age entered in these models as a categorical variable (quintiles).
†Socioeconomic factors adjusted for were social class, number of children, birth order, and income category (all entered as categorical variables).
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interaction could reflect changes in the alternatives to breast

feeding among different birth cohorts. However, the switch to

formula type milk consisting of full cream powders did not

begin until the 1940s, after the survey was completed.25

Finally, it has been suggested that physiological or metabolic

“programming” occurs at critical periods in early development

and determines events in later life.44

Breast feeding influences neonatal levels of various

hormones affecting growth,45 46 including insulin-like growth

factors.47 Evidence for a “programming” effect of breast feed-

ing comes from studies suggesting that early nutrition

influences expression of growth hormone receptor on the

growth plates of long bones in late infancy,48 and that the tim-

ing of menarche is related to environmental factors operating

near birth.49 The pattern of human linear growth can be

divided into three phases, each with a specific hormone

profile: infancy, childhood, and puberty.50 The possible mecha-

nisms underlying our observation of an association between

breast feeding and height above 8 years of age are speculative,

but may have plausibly arisen in either of two ways. Firstly,

breast feeding may influence growth tempo—that is, the rate

at which a child matures—throughout childhood such that

breast fed children are more advanced into puberty and hence

taller.51 The suggestion of a linear increase in the effect of

breast feeding on height and leg length throughout childhood

(fig 2) lends support to this possibility. Secondly, breast feed-

ing may differentially influence growth at puberty compared

with earlier life. If growth tempo were the whole explanation,

differences in height between breast fed and bottle fed

children would disappear after puberty and adult heights

would be similar. However, we also found an association

between breast feeding and adult height, suggesting an effect

of breast feeding on height over and above the rate at which a

child matures.

Conclusions
We have shown that stature was related to breast feeding in

children surveyed in the 1930s and that this association

persisted into adulthood. We found no evidence that breast

feeding in the 1920s and 1930s influenced childhood or adult

BMI. Longer term studies have shown that breast feeding is

associated with adult mortality and morbidity, but the mecha-

nisms linking breast feeding to later health are unclear.1 One

potential mechanism may lie on the same pathway as that

linking height to future mortality.13
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