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Abstract
Objective-To examine whether method of infant

feeding is associated with adult serum lipid concen-
trations and mortality from ischaemic heart disease.
Design-Follow up study of men born during

1911-30.
Setting-Hertfordshire, England.
Subjects-5718 men, for 5471 of whom informa-

tion on infant feeding had been recorded by health
visitors and 1314 of whom had died. 485 of the men
born during 1920-30 and still living in Hertfordshire
who had blood lipid measurements.
Main outcome measures-Death from ischaemic

heart disease; serum cholesterol and apolipoprotein
concentrations.
Results-474 men had died from ischaemic heart

disease. Standardised mortality ratios were 97 (95%
confidence interval 81 to 115) in men who had been
breast fed and had not been weaned at 1 year, 79 (69
to 90) in breast fed men who had been weaned at 1
year, and 73 (59 to 89) in men who had been breast
and bottle fed. Compared with men weaned before
one year men not weaned had higher mean serum
concentrations of total cholesterol (6-9 (not weaned)
v 6-6 (weaned) mmol/l), low density lipoprotein
cholesterol (5.0 v 4-6 mmol/l) and apolipoprotein B
(1-14 v 1-08 g/l). Men who had been bottle fed also
had a high standardised mortality ratio for ischaemic
heart disease (95; 68 to 130) and high mean serum
concentrations of total cholesterol (7.0 mmolI1), low
density lipoprotein cholesterol (5.1 mmol/l), and
apolipoprotein B (1.14 g/l). In all feeding groups
serum apolipoprotein B concentrations were lower
in men with higher birth weight and weight at 1 year.
Conclusions-Age of weaning and method of

infant feeding may influence adult serum low density
lipoprotein cholesterol concentrations and mortality
from ischaemic heart disease. Adult serum apolipo-
protein B concentrations are related to growth in
fetal life and infancy.

Introduction
There has been speculation that the high cholesterol

and saturated fat content of milk received by infants
may influence lipid metabolism throughout life.' In
humans there is little evidence to support this since
comparisons of serum cholesterol concentrations in
people who were breast fed or bottle fed after birth
have given conflicting results.2' Nevertheless, some
observations give credibility to the speculation. An
infant's serum cholesterol concentration, unlike that of
an older child or an adult, is strongly related to its
intake of cholesterol and saturated fat.4"-'" Follow up
studies of children have shown that serum cholesterol
concentrations tend to track, so that children maintain
their rank order by serum cholesterol concentration
over several years.-' 2 Tracking has been observed

from the age of 6 months. Experiments in animals have
clearly shown that different early feeding regimens
can lead to permanent changes in serum lipid concen-
trations and in the metabolic activity of enzymes
controlling cholesterol synthesis and excretion.'I1-
We measured serum lipids in a group of men born

in Hertfordshire, England, where the method of
feeding of all babies was routinely recorded from
1911 onwards.'6 The recorded information included
whether infants were breast or bottle fed and whether
they were weaned at 1 year of age. We have also
examined death rates from ischaemic heart disease in
relation to method of infant feeding.

Subjects and methods
In Hertfordshire from 1911 onwards each birth was

notified by the attending midwife and the birth weight
recorded.'6 A health visitor saw the babies at home
periodically through infancy (the first year of life) and
recorded how each baby was fed, using one of three
categories: breast feeding, bottle feeding, or a combi-
nation of breast and bottle feeding. When children
were 1 year old their weight, whether or not they were
weaned, and how many teeth had erupted were
recorded. Weights were measured in pounds (1 lb=
0-45 kg) and were often rounded to the nearest half
pound. We have therefore used the original units.
We traced 5718 (72%) of the singleton boys born in

six districts of east Hertfordshire during 1911-30 who
had birth weight and weight at 1 year recorded and who
had survived childhood. For 5471 of them the method
of infant feeding was recorded. Copies of death certifi-
cates for those who had died were sent to us by
the NHS central registry, Southport. We analysed
death rates from ischaemic heart disease (ICD (ninth
revision) 410-414) and all non-circulatory disease (all
causes excluding ICD 390-459) in relation to birth
weight, weight at 1 year, and method of infant feeding.
The numbers of deaths were compared with those
expected from national rates for men of corresponding
age and year of birth and were expressed as standard-
ised mortality ratios with the national average for
England and Wales as 100.
There were 1157 men who were born during 1920-30

and who still lived in the six districts. As previously
described 845 of them (73%) agreed to be interviewed
at home and were visited by one of four fieldworkers. 17

The fieldworkers had not seen the infant data recorded
for the men. Blood pressure, height, weight, and waist
and hip circumferences were measured.'8 Information
about each man's social history and smoking and
drinking habits was obtained. Father's occupation was
used to define social class at birth, and current social
class was derived from the man's occupation. '9 After
the interview the men were asked if they would be
willing to attend a local clinic to have blood samples
taken. They were asked to attend twice: once after
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fasting overnight for 12 hours and once for a non-
fasting sample. Men known to have diabetes were
excluded. In all, 485 (57%) men provided fasting blood
samples, of whom 431 also provided non-fasting
samples.
The fasting blood samples were analysed for serum

total cholesterol, high density lipoprotein cholesterol,
triglyceride, apolipoproteins Al and B, and Lp(a)
lipoprotein concentrations. The non-fasting samples
were analysed for only total cholesterol. Serum total
cholesterol, high density lipoprotein cholesterol, and
triglyceride concentrations were measured by standard
enzymatic methods.20-23 Interassay coefficients of varia-
tion for these assays were in the range 1-7% to 2-7%.
Low density lipoprotein cholesterol concentration was
derived by the Friedwald-Fredrickson formula.24 Apo-
lipoprotein Al and B concentrations were measured by
immunoturbimetric assays with interassay coefficients
ofvariation of less than 5% .25 Lp(a) lipoprotein concen-
tration was measured by immunoenzymometric assay
(Enzyquick, Immuno, Sevenoaks) with an interassay
coefficient of variation of 11%.26
Serum concentrations of triglyceride, apolipo-

proteins Al and B, and Lp(a) lipoprotein had skewed
distributions and we transformed them using loga-
rithms. The geometric standard deviation is the antilog
of the standard deviation measured on the log scale.
We analysed the data using tabulation of means,
multiple linear regression, and two sample t tests.
Standardised mortality ratios were calculated by the
method of person years.27

Results
Of the 5471 men, 1381 had been both breast and

bottle fed, 3733 had been exclusively breast fed, and
357 had been exclusively bottle fed. Only 2592 (69%)

TABLE I-Standardised mortality ratios for ischaemic heart disease in 5471 men born in east Hertfordshire,
1911-30, according to method offeeding as infants. (Numbers ofdeaths are in parentheses)

Breast fed

Breast and Weaned at Not weaned Bottle fed
Weight at 1 year (lb) bottle fed 1 year at 1 year All

S18 87 (8) 93 (14) 140(10) 126(4) 104 (36)
-20 88 (21) 93 (39) 95 (26) 97 (6) 93 (92)
-22 90 (37) 92 (77) 121 (55) 75 (9) 97 (178)
-24 66 (22) 69(51) 65 (21) 109(13) 71(107)
-26 42 (8) 67 (24) 87(13) 104(6) 68 (51)
>26 26(2) 23 (3) 73 (4) 50(1) 36(10)
All weights 73 (98) 79 (208) 97 (129) 95 (39) 83 (474)
95% Confidence interval 59 to 89 69 to 90 81 to 115 68 to 130 75 to 90

Ratio for non-circulatory
disease 74 (147) 84 (329) 85 (166) 69 (42) 81 (684)
95% Confidence interval 62 to 87 75 to 94 73 to 99 50 to 94 75 to 87

TABLE iI-Mean serum lipid concentrations, height, body mass index, percentage ofsmokers and men oflow
social class in 485 men aged 59-70 according to infant feeding

Breast fed

Breast and Weaned Not weaned All groups
bottle fed at 1 year at I year Bottle fed (No of men) Standard
(n= 116) (n=253) (n=91) (n=25) (n=485) deviation

Cholesterol (mmolI) 6-6 6-6 6.9* 7.0* 6-7 (485) 1-2
Non-fastingcholesterol(mmol/l) 64 6-4 6.9** 71** 65(431) 1-2
Low density lipoprotein

cholesterol(mmolUl) 4-6 4-6 5 0** 5.1* 4-7(470) 1I1
High density lipoprotein

cholesterol (mmol/l) 1-2 1-2 1-2 1-2 1 2 (470) 0-3
Low density lipoprotein:high

density lipoprotein 3-8 3-8 4.2** 4-2 3 9 (470) 1-5
Triglyceride(mmolUl)t 1-4 1-4 1-5 14 14(485) 16
ApolipoproteinAl (g/l)t 1 31 1 30 1-29 1-35 1-30 (466) 1-2
Apolipoprotein B(g/)t 108 1 08 1-14 1-14 1-09(464) 1-3
Lp(a) lipoprotein (mg/1)t 92 100 96 83 97 (469) 3-6
Height(m) 1 71 1 72 1 72 1-72 1-72 (485) 007
Bodymassindex(kg/m2) 26-5 27-0 27-1 27-1 26-9(485) 3-5
% Current smokers 23 28 27 28 27 (482) 44
% Current social class IV or VT 25 24 29 24 25 (480) 43
% Social class IV or V at birth 46 48 64** 50 51 (458) 50

*p<0.05, **p<0-01, comparison with breast and bottle fed and breast fed and weaned groups.
tLogarithms were used in the analysis therefore means and standard deviations are geometric.

of the men who had been exclusively breast fed had
been weaned at 1 year compared with 1244 (90%) of
those who had been breast and bottle fed and 336 (94%)
of those who had been exclusively bottle fed.
A total of 1314 men had died, ofwhom 474 had died

of ischaemic heart disease. The death rate from this
disease was below the national average, the overall
standardised mortality ratio being 83. Analysis accord-
ing to method of infant feeding showed that the
standardised mortality ratio was 73 in the men who had
been breast and bottle fed, 85 in the men who had been
exclusively breast fed, and 95 in the men who had
been exclusively bottle fed. We divided the exclusively
breast fed men according to whether or not they had
been weaned at 1 year. The standardised mortality
ratio in those who had been weaned was 79 compared
with 97 in those who had not been weaned (table I). In
contrast with these differences in mortality from
ischaemic heart disease there were no significant
differences in mortality from non-circulatory disease
(table I).
As we have shown previously,'6 standardised

mortality ratios fell with increasing weight at 1 year
(table I). This trend was seen in each feeding group. In
each weight group, however, standardised mortality
ratios tended to be higher in men who had been breast
fed and had not been weaned at 1 year and in those who
had been exclusively bottle fed. In all feeding groups
combined standardised mortality ratios fell with in-
creasing birth weight (from 105 in those who weighed
5 5 lb or less at birth to 81 in those who weighed more
than 9 5 lb), though the fall was not so great as with
weight at 1 year. In men who had been breast fed and
had not been weaned at 1 year, however, standardised
mortality ratios rose with increasing birth weight.
The ages of the 485 men who still lived in the six

districts of east Hertfordshire ranged from 59 to 70
(mean 64) years; 116 had been breast and bottle fed,
344 exclusively breast fed, and 25 exclusively bottle
fed. Only 253 (74%) of the men who had been
exclusively breast fed had been weaned at 1 year
compared with 102 (88%) of those who had been breast
and bottle fed and 25 (100%) of those who had been
exclusively bottle fed.
Men who had been breast fed and had not been

weaned at 1 year, and those who had been exclusively
bottle fed, had higher serum concentrations of total
cholesterol in fasting and non-fasting samples, and of
low density lipoprotein cholesterol, and higher ratios of
low density lipoprotein to high density lipoprotein
cholesterol than men in the other two feeding groups
(table II). Differences in apolipoprotein B concentra-
tions showed the same pattern as those in total and low
density lipoprotein cholesterol, though they were not
significant.
There were no differences between feeding groups

in mean serum concentrations of high density lipo-
protein cholesterol, triglycerides, apolipoprotein A1,
and Lp(a) lipoprotein or in mean height and body mass
index (table II). The percentages of men who were
current smokers or who were in social class IV or V
were similar in all infant feeding groups. Despite the
similarity in current social class, a higher percentage of
men who had been breast fed and had not been weaned
at 1 year had been born into families of social class IV or
V. Table III shows, however, that the higher concen-
trations of low density lipoprotein cholesterol in the
men in this feeding group were found for all social
classes at birth. Findings for total cholesterol and
apolipoprotein B were similar.
Men who had been breast and bottle fed and men

who had been breast fed and weaned at 1 year had
similar mortality from ischaemic heart disease (table I)
and mean values of all variables in table II. Only 14 of
the breast and bottle fed men had not been weaned at
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TABLE iiI-Mean serum low density lipoprotein cholesterol concentration (mmolll) in men aged 59-70
according to infantfeeding and social class at birth

Breast fed

Breast and Weaned Not weaned All groups Standard
Social class at birth bottle at 1 year at 1 year Bottle (No of men) deviation

I,II, III(Non-manual) 4-8 4-6 5-1 4-9 4-7(62) 1-0
III(Manual) 4-5 4-7 5-0 5-6 4-7(157) 1-1
IV,V 4-6 4-6 5-0 5-0 4-7(225) 1-2
Allclasses 4-6 4-6 5-0 5-2 4-7(444) 1-1

TABLE IV-Mean fasting serum
cholesterol concentration
(mmol/l) in men aged 59-70
according to weight at I year,
birth weight, and whether
weaned at I year. (Numbers of
men are in parentheses)

Weaned Not weaned

Weight at 1 year (lb):
-18 6-7 (20)
-20 6-7 (53)
-22 6-7 (103)
-24 6-5 (107)
-26 6-2 (52)
>26 6-9 (20)
Birth weight (Ib):
'E5-5 6-5 (18)
-6-5 6-9 (41)
-7-5 6-6(109)
-8-5 6-5 (106)
-9-5 6-7 (54)
>9-5 6-2 (27)

7-5 (5)
7-2 (17)
6-8 (35)
6-6 (19)
6-9 (9)
7-1 (6)

6-1 (1)
6-4 (15)
6-6 (28)
7-3 (27)
7-0 (14)
7-2 (6)

All weights 6-6 (355) 6-9 (91)
Standard

deviation 1-2 1-3

1 year. We excluded these 14 and combined the
remaining 102 with the 253 breast fed men who had
been weaned at 1 year. This defined a "weaned" group,
which we contrasted with the 91 men who were breast
fed and not weaned at 1 year, the "not weaned" group.
Because of the small numbers of men who were
exclusively bottle fed we excluded them from further
analysis.

Table IV shows mean fasting serum cholesterol
concentrations according to weight at 1 year and birth
weight. In the weaned group there were no trends with
weight at 1 year or with birth weight. The mean fasting
serum cholesterol concentrations in the not weaned
group rose with increasing birth weight. In the not
weaned group a simultaneous regression analysis with
weight at 1 year and birth weight showed that serum
cholesterol concentration fell by 0 15 mmol/l for every
pound increase in weight at 1 year and rose by
0 43 mmol/l for every pound increase in birth weight
(table V). Mean fasting cholesterol concentrations
were higher in men with higher body mass indices
(p=002) and waist to hip ratios (p=0 005). They did
not vary in relation to age, smoking, alcohol consump-
tion, or social class, either currently or at birth.
Adjustment for body mass index and waist to hip ratio
did not change the trends in mean cholesterol concen-
tration shown in table IV.

In the not weaned group the trends in non-fasting
serum cholesterol, low density lipoprotein cholesterol,
and apolipoprotein B concentrations were similar to
those in fasting cholesterol concentrations (table V). In
table VI the men are divided into three roughly equal
groups according to weight at 1 year, and three equal
groups according to birth weight. Among men in the
not weaned group the highest low density lipoprotein
cholesterol value was 5 7 mmol/l in men who weighed
more than 8 25 lb at birth but 21 lb or less at 1 year. In
the weaned group the mean low density lipoprotein
cholesterol concentrations were more evenly distri-
buted according to birth weight and weight at 1 year.
In contrast with findings for total cholesterol and low
density lipoprotein cholesterol, mean apolipoprotein B
concentrations in the weaned group fell with increasing
weight at 1 year and birth weight (table VII).
Mean systolic blood pressures in the weaned and

not weaned groups were similar: 164 mm Hg and
167 mm Hg respectively. Mean diastolic blood
pressure was 90 mm Hg in both groups. We have
previously analysed plasma concentrations of fibrino-
gen, factor VII, and glucose in this sample of men,'828
though without separate analysis by feeding group.
Mean concentrations were similar in the weaned and
not weaned groups: fibrinogen 3 03 g/l (weaned) and

TABLE v-Regression of serum lipid concentrations on birth weight and weight at I year simultaneously in
men aged 59-70 who had not been weaned at I year

Birth weight (lb) Weight at 1 year (lb)

Regression coefficient Regression coefficient
Dependent variable (95% confidence interval) p Value (95% confidence interval) p Value

Fasting cholesterol (mmolI1) 0-43 (0- 19 to 0-68) <0-001 -0- 15 (-0-27 to -0-04) 0-01
Non-fasting cholesterol (mmol/l) 0-34 (0-04 to 0-64) 0-03 -0-22 (-0-35 to -0-09) 0-001
Low density lipoprotein cholesterol

(mmol/l) 0-39 (0-16 to 0-62) 0 001 -0-12 (-0-22 to -0-01) 0-04
Apolipoprotein B (log g/l) 0-06 (0-01 to 0- 1) 0-03 -0-04 (-0-06 to -0-01) 0-007

3 05 g/l (not weaned); factor VII 108% of standard and
108% of standard; glucose two hours after a 75 g
oral glucose load 6-6 mmol/l and 6-5 mmol/l. The
percentages ofmen with impaired glucose tolerance or
newly diagnosed diabetes mellitus were 24% in the
weaned group and 25% in the not weaned group.
We examined the early weight and number of teeth

at 1 year in the weaned and not weaned group. Mean
birth weights were identical (7-9 lb) but mean weight at

TABLE VI-Mean serum low density lipoprotein cholesterol concentra-
tion (mmolll) in men aged 59-70 according to weight at I year, birth
weight, and whether weaned at I year. (Numbers of men are in
parentheses)

Weight at 1 year (lb)

Birth weight (lb) 621 -23 >23 All

Weaned:
_-7 4-8 (45) 4-8 (29) 4-6 (10) 4-8 (84)
-8-25 4-8 (41) 4-5 (47) 4-5 (39) 4-6 (127)
>8-25 4-8 (22) 4-6 (45) 4-5 (64) 4-6 (131)

All* 4-8(108) 4-6(121) 4-5(113) 4-6(342)

Not weaned:
_-7 4-8(18) 4-1 (7) 3-9(1) 4-6(26)
-8-25 4-9 (13) 4-9 (12) 5-1 (10) 4-9 (35)
>8-25 5-7(8) 5-3(9) 5-2(12) 5-4(29)

Allt 5-0(39) 4-8(28) 5-1(23) 5-0(90)

*Overall standard deviation= 1-1. tOverall standard deviation= 1-2.

TABLE VII-Mean fasting serum apolipoprotein B concentration (gil)
in men aged 59-70 according to weight at I year, birth weight, and
whether weaned at oneyear. (Numbers ofmen are in parentheses)

Weaned Not weaned All men

Weight at 1 year (lb):
_-18 1-08 (19) 1-30 (5) 1-12 (24)
-20 1-18(52) 1-24(15) 1-19(67)
-22 1-09(99) 1-14(33) 1-10(132)
-24 106(104) 1-08(18) 106(122)
-26 1-01(47) 1-11(8) 1-03(55)
>26 1-05 (20) 1-05 (6) 1-05 (26)

Birth weight (lb):
_-5-5 1-13 (18) 1-12 (1) 1-13 (19)
-6-5 1-20 (39) 1-09 (15) 1-17 (54)
-7-5 1-08(104) 1-12(25) 1-08(129)
-8-5 1-06(102) 1-21(26) 1-09(128)
_9-5 1-05(51) 1-15(13) 1 07(64)
>9 5 1-01 (27) 1-08 (5) 1-02 (32)

Allweights 1-08(341) 1-14(85) 1-09(426)
Geometric standard

deviation 1-31 1-29 1-31

1 year was lower in the not weaned group (22-6 lb
weaned v 22-3 lb not weaned). This difference was not
significant. Mean numbers of teeth were, however,
significantly lower in the not weaned group (6-9
weaned v 6-2 not weaned). The difference between the
two groups in numbers of teeth was greatest in men
who had been heaviest at birth. In the three birth
weight groups -7 lb, >7-8 25 lb, and >8 25 lb, the
mean numbers of teeth at 1 year in the weaned group
were 6-3, 6-6, and 7-6 respectively compared with 5 8,
6-3, and 6 2 in the not weaned group.

Discussion
We have shown that serum lipid concentrations

among adult men and death rates from ischaemic heart
disease are related to the method of infant feeding.
Among 5471 men born in part of one county in
England around 70 years ago those who had been
breast fed and had not been weaned at 1 year and those
who had been exclusively bottle fed from birth had
higher death rates from ischaemic heart disease (table
I). Examination of those still living in the county
showed that these two groups of men also had
higher serum total cholesterol, low density lipoprotein
cholesterol, and apolipoprotein B concentrations (table
II). Each of these is known to be associated with
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increased risk of ischaemic heart disease. Serum
cholesterol concentrations in these two groups of men
were raised in fasting and non-fasting blood samples.
The subsample of men whose serum cholesterol

concentrations were measured comprised men who
were born in east Hertfordshire during 1920-30 and
still lived there. Since our analysis was based on
internal comparisons the selection of the sample would
introduce bias only if the relations between infant
feeding and serum cholesterol were different in those
selected and not selected. This is unlikely. There were
no differences in mean birth weight, weight at 1 year,
or percentages of men in each infant feeding group
between the 485 men examined and the total group of
5471 men who were traced.
The health visitors in Hertfordshire recorded that

each baby was or was not weaned at 1 year. The term
weaned can imply either that breast feeding has
stopped or that solid food has been introduced. The
evidence from the Hertfordshire chief health visitor's
annual reports, anecdotal evidence from health visitors
who worked in Hertfordshire around this period, and
contemporary records in Derbyshire (unpublished)
suggest that weaned usually meant stopping of breast
feeding. In her annual reports the chief health visitor
for Hertfordshire quoted percentages of breast fed
babies weaned at 12 months but gave no comparable
information for bottle fed babies, presumably because
the word did not usually apply.29

In our analysis the not weaned group comprised men
who had been exclusively breast fed. It did not include
the few men who had been bottle fed or breast and
bottle fed and who had not been weaned at 1 year. Men
in the not weaned group were therefore still receiving
some breast milk at 1 year, but we do not know how
much or whether they had solid food as well.

In England at the beginning of the century breast
feeding was continued for longer than is now usual but
commonly stopped at around 9 months and usually
before 1 year.90 ' More of the men in Hertfordshire
who were not weaned at 1 year were born into low
social class families. Anecdotal evidence from Hert-
fordshire suggests that women in lower social classes
prolonged breast feeding beyond 1 year as a form of
contraception. It could be argued that the raised low
density lipoprotein cholesterol concentrations in these
men were a consequence of different diet in later life
rather than of infant feeding. However, they had raised
low density lipoprotein cholesterol concentrations
regardless ofwhich social class they had been born into
(table III) or of their social class at the time of the
survey. Furthermore, these men were similar to those
in the other infant feeding groups in respect of all other
cardiovascular risk factors, including body mass index
and factor VII concentration, which are known to be
influenced by adult diet.32

EFFECT OF PROLONGED BREAST FEEDING

Our findings suggest that in babies born 70 years ago
who were breast fed and weaned relatively late a
process was established which led to raised serum
concentrations of low density lipoprotein cholesterol
and increased death rates from ischaemic heart disease
in adult life. This process was not linked to high
density lipoprotein cholesterol, triglyceride, apolipo-
protein A1, or Lp(a) lipoprotein concentrations.
Findings from previous studies in Hertfordshire and
Preston suggest that adult blood pressure and concen-
trations of fibrinogen, factor VII, and glucose are
partly determined or programmed during critical
periods in fetal life and infancy. The critical period
may differ for each variable and may be linked to times
of rapid growth of the blood vessels, liver, and
endocrine pancreas. " 2I 33 The regulation of serum lipid
and lipoprotein concentrations involves several tissues,

most importantly the liver and gut. Mechanisms by
which late weaning of infants may programme lipid
metabolism in adults and the tissues which are pro-
grammed are a matter for speculation.

Experiments in animals have shown that manipula-
tion of the diets of newborn and weanling animals can
produce long term increases in serum lipid, lipoprotein,
and apolipoprotein concentrations and changes in the
activity of the rate limiting enzymes hydroxymethyl-
glutaryl coenzyme A reductase (cholesterol synthesis)
and 7ot-hydroxylase (bile acid synthesis).'3'5 Though it
is unclear which nutrients effect these long term
changes, the experiments are clear demonstrations
of programming. Experiments with the timing of
weaning have shown that premature weaning can raise
serum cholesterol concentrations in adult animals. 35
There have been no studies on the long term effects of
late weaning.

INFANT FOODS

Different infant foods are known to have different
immediate effects in the human infant. Babies fed
on breast milk or cows' milk have higher serum
cholesterol concentrations than those fed on modern
formula milks, which have a lower cholesterol content
and a higher polyunsaturated:saturated fatty acid
ratio.9'0 This sensitivity of infants to the fat content of
the diet contrasts with the low correlation between
dietary fat intake and serum cholesterol concentrations
in older children and adults.43637

Different infant foods also affect the excretion of bile
acids. Breast fed and formula fed infants differ in the
quantity of bile acids excreted and in the timing of
appearance of secondary bile acids, which depends on
the action of gut flora.30 Breast milk contains several
hormones and growth factors that can influence
lipid metabolism, including thyroid hormones and
steroids.39 40 Though the effect of these maternal
hormones on the infant is unknown, experiments have
shown that breast fed baboons have different circu-
lating concentrations of triiodothyronine and cortisol
than bottle fed ones (G Mott, personal communica-
tion). Babies in Hertfordshire who were not weaned at
1 year would have continued to have a high fat intake
from milk and also maternal hormones.

Breast milk provides ideal nourishment for the
young infant, but there is evidence that some babies
who are exclusively breast fed after 6 months receive
inadequate energy.41 Human breast milk contains low
iron concentrations, and exclusively breast fed babies
commonly develop low iron stores in the latter half of
infancy.42 Breast milk may also be deficient of vitamins,
notably vitamin D, if the mother is poorly nourished.43
In Hertfordshire infants who were not weaned weighed
less at 1 year and had fewer teeth than those who were
weaned. This may be evidence of poorer nutrition in
the not weaned group, although we cannot say whether
these differences were due to late weaning or a cause of
it. Among men who had not been weaned it was the
men with higher birth weights but lower weights at 1
year who had the higher death rates from ischaemic
heart disease. They also had higher serum total and low
density lipoprotein cholesterol concentrations (tables
IV, V, and VI). One interpretation of this is that larger
babies tended to outgrow an inadequate supply of
nutrients.
The men who had been exclusively bottle fed, who

comprised only 5% of the sample, were similar to
the not weaned group in having higher death rates
from ischaemic heart disease and higher low density
lipoprotein cholesterol and apolipoprotein B concen-
trations. We do not know what was contained in the
bottle feeds because this was not specified in the
Hertfordshire records. Bottle foods available 70 years
ago included patent preparations of dried cows' milk,
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unmodified cows' milk, diluted condensed milk, and
patent foods made from wheatflour or arrowroot."45
Modern formula milks differ from these foods: they are
fortified with iron and vitamins; the fat content is
mainly unsaturated; and the electrolyte content is
similar to that of breast milk. It is therefore difficult to
assess the relevance of these findings for bottle fed
babies today.
We have shown that men who had higher birth

weights and weights at 1 year had lower serum
concentrations of apolipoprotein B. This was inde-
pendent of whether or not they had been breast fed
beyond 1 year (table VII). A relation between birth
weight and apolipoprotein B concentrations has been
shown in infants, though in the opposite direction.'

CONCLUSIONS

This is the first study of the relation between
breast and bottle feeding, age at weaning, and lipid
and apolipoprotein concentrations in middle to late
life. Previous studies in humans have been limited
to children and young adults and related serum
cholesterol concentrations to breast or bottle feeding in
infancy.2'7 The results have been inconclusive and
largely negative. Our data suggest that age of weaning,
and possibly type of milk, may permanently influence
serum low density lipoprotein cholesterol concentra-
tions and death rates from ischaemic heart disease.
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