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Childhood stature and adult cancer risk: the Boyd Orr cohort
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Abstract Cancer risk in adulthood may be influenced by

aspects of childhood diet. In the absence of direct dietary

data, indirect measures of childhood diet and nutritional

status, such as anthropometric measurements, may be

useful in investigating diet–cancer associations. Previous

studies suggest that taller adults may have increased cancer

risk. Peak growth for different anthropometric measures

occurs at different times and so differential associations

with cancer risk may indicate periods of development that

are particularly important in determining future risk. 2,642

traced members of the Boyd Orr cohort had measures of

foot length, shoulder breadth, height, and leg length made

when they were aged 2–14 years; trunk length was derived

from the difference between overall height and leg length.

Subjects were followed-up over 59 years to determine all-

cause (n = 547) and site-specific (n = 97 for lung, 69

breast, 59 colorectal, 33 prostate, 320 not related to

smoking) cancer deaths and registrations. There were no

strong associations between childhood anthropometric

measurements and adult cancer risk. Odds ratios (ORs)

were broadly consistent with a slight increase in risk with

increasing childhood stature but no single measure was of

particular importance. The strongest associations were seen

for breast cancer (OR per standard deviation increase in

foot length: 1.16 (95% CI: 0.90, 1.51), shoulder breadth:

1.16 (0.91, 1.49) and trunk: 1.26 (1.00, 1.60), and prostate

cancer (OR for foot length: 1.22 (0.86, 1.75)). There was

little effect of adjustment for confounding factors and very

limited evidence that associations differed with measures

made prior to the onset of puberty (comparing the associ-

ations in children aged \8 vs. 8? years). There was no

evidence that any of the five indicators of childhood growth

was more strongly related to cancer risk than the other

measures.
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Introduction

An individual’s risk of cancer is influenced by their genetic

predisposition together with their accumulation of protec-

tive and adverse exposures occurring before birth,

throughout childhood and during adulthood [1]. There is

growing evidence that cancer risk in adulthood may be

influenced by aspects of childhood diet [2–5]. However,

few studies with good quality records of diet measured in

childhood have been followed up for sufficiently long

periods of time to investigate diet–cancer associations. In

the absence of such data, investigators have examined

associations of cancer risk with indirect measures of

childhood diet and nutritional status, such as height. These

studies suggest that taller individuals are at increased risk

of breast, colorectal, prostate and haematopoietic cancer

[6]. As height is influenced not only by genes but also by

growth influencing exposures such as diet, these studies

provide indirect evidence of the importance of childhood

diet in the aetiology of cancer.

The Boyd Orr cohort was one of the first studies to

demonstrate an association between greater childhood
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stature and increased cancer risk. The association was

specific to the leg length component of height [7]. This is in

keeping with an analysis of the National Health and

Nutrition Examination Survey (NHANES) in the USA

showing adult leg length was the component of stature

most strongly associated with risk of lung cancer (males),

breast and cervical cancer (females) [8]. There is also a

suggestion from a large case–control study that the leg

component of height may be more strongly associated with

advanced prostate cancer than the trunk component [9].

Such associations with different measures of childhood

growth may provide insights concerning critical periods of

development when nutrition may have its greatest impact

upon cancer risk. For example, spurts in foot size and leg

length occur before peak height velocity (PHV) whereas

peak shoulder breadth growth occurs after PHV [10]. Leg

length and foot length may therefore be markers of pre-

pubertal growth-influencing exposures, and variations in

trunk length and shoulder breadth indicate the impact on

growth (and cancer risk) of post-pubertal exposures.

There is also evidence to suggest that the timing of PHV

is important in determining future cancer risk. A recent

study [11] reported a pattern of increasing risk of breast

cancer with decreasing age at PHV. This relationship was

unaffected by adjustment for age at menarche. Conversely,

there was no independent effect of age at menarche on

breast cancer risk after adjustment for age at PHV. In

addition, growth at age 8? years had a greater effect on

breast cancer risk than growth at \8 years.

Few studies have examined associations of anthropo-

metric measures other than body mass index, height and

leg length with later cancer risk. To the best of our

knowledge only two studies have investigated associations

with foot length. Foot size was somewhat more strongly

positively associated with breast cancer than adult height in

a Hawaiian case–control study [12]. However, a similar

study in Japan reported no evidence of an association of

foot length or height with breast cancer risk [13]. Associ-

ations of shoulder breadth with cancer are inconsistent.

Two studies have investigated the association of shoulder

breadth with prostate cancer. One (n = 156 cases) found

that men with broad shoulders had a reduced risk of

prostate cancer [14]. However in a larger study (n = 174

cases) no association was found [15]. There is some eco-

logical and case–control evidence that increased shoulder

breadth may be associated with greater cancer risk [16, 17].

Earlier analyses of the associations of measures of linear

growth with cancer in the Boyd Orr cohort [7, 18] were

based on too few cancers (total n = 110) to study site-

specific associations. Furthermore, these analyses did not

make use of the other anthropometric measures (foot size

and shoulder breadth) available on study members. Here

we report an analysis of the association of overall and site-

specific cancer risk with height, leg length, trunk, foot size

and shoulder breadth over a 59 year follow-up of the

cohort (1948–2007).

Methods

The Boyd Orr cohort

The Boyd Orr cohort is an historical cohort based on the

records of 4,999 children from 1,343 mainly working class

families living in 16 centres in England and Scotland who

took part in a detailed survey of family diet and childhood

health during 1937–1939 (see: http://www.epi.bris.ac.uk/

boydorr) [19, 20]. As the purpose of the original survey was

to examine growth and diet in relation to income, there are

detailed socioeconomic data available on all study members

(family income, social class, food expenditure and housing

conditions).

Cohort members have data on infant feeding, childhood

family diet and nutritional status recorded and, at the most

recent update, 92% have been traced on the National

Health Service Central Register (NHSCR). Surviving study

members are now aged over 70 years and the research team

is notified of all deaths and cancer registrations.

Childhood anthropometric measurements

Measures of height, leg length, foot length and shoulder

breadth were made on cohort members in 1937–1939.

Height, leg length and shoulder breadth were measured to

the nearest millimetre using a stadiometer (height) and

steel measuring tape (leg length and shoulder breadth). Leg

length was measured as the distance from the summit of the

iliac crest to the floor. Biacromial breadth was measured as

the distance between the external margins of the acromion

processes with the subject seated on a chair, with hands on

knees and muscles relaxed [21]. Foot size has since been

derived by measuring (to the nearest millimetre) the chalk

imprints of each of the children’s feet made at the survey

clinics. A research assistant visited the Rowett Research

Institute Archive (where the original survey records are

held) and measured foot length from these records as the

maximum length from the subject’s heel to the tip of their

toes for each foot. The research worker was blind to the

subject’s vital status. For the analysis we used the mean of

the left and right foot measures.

Outcome measures

Cancer events are based on NHSCR cancer registration and

death certificate data. Registrations were examined in

chronological order to identify the first cancer not coded as
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secondary, carcinomatosis, benign, in situ or uncertain.

Death certificate data was used for subjects with no cancers

identified from registrations, first considering the underly-

ing cause of death and then looking at other causes of death

in order. Again, if the first cause of death was coded as

secondary, carcinomatosis, benign, in situ or uncertain,

subsequent causes of death were examined in order to

identify the first mention of a cancer not falling into these

categories. If all cancers listed on registrations and death

certificate were coded as secondary or carcinomatosis then

the subject was included in the ‘‘all cancers’’ group; if all

mentions of cancer were benign, in situ or uncertain then

the subject was not included as a cancer case. Cancers

considered to be related to smoking were: lung, oral cavity,

nasopharynx, oropharynx, hypopharynx, nasal cavity and

paranasal sinuses, larynx, oesophagus, stomach, pancreas,

liver, kidney (body and pelvis), ureter, urinary bladder,

uterine cervix and myeloid leukaemia [22]. Breast cancer

cases were subdivided by age at death or registration (\50

vs. 50? years) to look separately at associations with

childhood anthropometric measurements in pre- and post-

menopausal cancers as aetiology is known to differ [1].

Sensitivity analyses based on all cancers excluding ‘‘other

skin’’ were very similar to those based on all cancers

combined.

Statistical analysis

We restricted the analyses to study members who were

aged 2–14 years at the time of their measurements. Mea-

surements on younger children are more prone to

inaccuracy and the number of older subjects was sparse.

All anthropometric measures were transformed into sex-

specific age standardized z-scores. For some measures, a

cubic term for age was required to obtain a good fit and,

although this term did not improve the fit for all measures,

it was used throughout for consistency. The resultant z-

scores measure the number of standard deviations a child’s

measurement lies above or below the predicted value for

his/her age (in months) and sex. Specific outcomes of

interest were (a) all cancers combined, (b) lung cancer, (c)

breast cancer, (d) colorectal cancer, (e) prostate cancer, (f)

cancers not related to smoking, and (g) all-cause mortality.

We used logistic regression models to examine associ-

ations of childhood anthropometric measures with cancer

incidence using the combined endpoint of death/registra-

tion as described above. Whilst Cox proportional hazards

models/Poisson regression are the preferred methods for

survival (cohort) data, the timings of our composite out-

come (death/registration date) are not comparable.

Nevertheless, sensitivity analyses confirmed that results

using Cox or Poisson regression were very similar to those

using logistic regression. Robust standard errors were

calculated to take account of any clustering effects in

children from the same household. Models in each table are

based on subjects with complete data.

Confounders

Previously identified confounders include childhood and

adult socioeconomic position. Childhood socioeconomic

position was available from baseline household measures:

social class of the head of household, per capita household

income, and household food expenditure. Adult socioeco-

nomic position was available for individuals and was

indexed using Townsend score for area of residence. The

Townsend score is an ecological measure of socioeco-

nomic deprivation comprising census data on area levels of

household overcrowding, unemployment, housing tenure

and car ownership. It is possible that patterns of infant

feeding may have a long-term impact on growth and cancer

risk [23, 24] and so breast-feeding was also included as a

possible confounding/mediating variable.

Data on birth weight, adult stature (height and inside leg

length) and parental stature were collected by questionnaire

from surviving survey members in 1997–1998 and were

only available for a reduced subgroup of study members.

The effects of controlling for these factors were investi-

gated in separate models.

We also investigated whether associations differed (a) in

males vs. females; (b) in subjects who were \8 vs. 8?

years when they were measured in childhood and (c) in

subjects whose adult height was above vs. below average

for sex. We used formal tests of statistical interaction

(effect modification) to investigate differences in associa-

tions across these subgroups. The cut-off point of\8 or 8?

years is consistent with our previous analyses and ensures

that all the subjects who were measured aged\8 were pre-

pubertal [7].

Finally, the main analyses were repeated restricted to (a)

cancer cases aged B60 at death or registration, i.e. early

onset/premature cancers, and (b) cancer mortality only.

Results

Of the 4,999 original cohort members, 4,437 (88.8%) were

aged 2–14 at the time of measurement. Measures of foot

length, shoulder breadth, height, trunk and leg length were

available for 2,648 (59.7%), 2,878 (64.9%), 2,960 (66.7%),

2,860 (64.5%) and 2,860 (64.5%) of these children

respectively. A total of 2,969 (66.9%) of those aged 2–14 at

measurement had at least one measure, and their baseline

characteristics are given in Table 1. Childhood anthropo-

metric measurements are summarized using the mean

(standard deviation (SD)) in children aged 2, 5, 10 and
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14 ± 3 months at the time of measurement. In these cross-

sectional data, mean measures increased with age as would

be expected. The SDs also increased, particularly at age 14,

which is likely to reflect increasing variation as children

reach their adolescent growth spurt. Differences between

boys and girls were very small. Boys tended to have

slightly larger dimensions at younger ages while girls, who

reach their adolescent growth spurt earlier, were marginally

larger at age 14. Adult height and inside leg length were

available only for a subset of those with at least one

childhood measure and show clear and expected differ-

ences between the sexes.

There were wide variations in the proportion of children

measured in the different study centres. Children living in

two districts (Edinburgh and Kintore) did not participate in

the clinical survey and so had no anthropometric measures

at all; in the remaining 14 survey districts the proportion of

children aged 2–14 at the time of survey, who were mea-

sured varied from 33.8 to 89.2%. Girls and boys were

equally likely to have been measured. However, those aged

2–14 at the time of the survey who had measurements

tended to be younger and to come from a higher social

class than those without.

A total of 2,642 (89.0%) subjects with at least one

childhood anthropometric measure were successfully

traced and are included in the analyses presented here.

Those who were untraced were older at the time of the

dietary survey (8.8 vs. 7.8 years); more likely to be female

(12.7 vs. 9.1%); and were marginally more likely to be

from households who had higher incomes, spent more on

food and whose head was from a higher social class. There

were no differences in childhood anthropometric measures

between subjects who were traced and untraced.

Pairwise correlations between the five anthropometric

measures (standardized for age and sex) were all highly

statistically significant (p \ 0.001) with correlation coef-

ficients ranging from 0.28 (trunk/leg length) up to 0.89

(height/leg length). The largest coefficients were consis-

tently observed in correlations with height and the smallest

were generally in correlations with trunk. The correlation

coefficient for foot and leg length (the two measures where

peak growth occurs before PHV) was 0.70; the coefficient

for shoulder breadth and trunk (with peak growth occurring

after PHV) was 0.43.

Anthropometric measurements and cancer

The distribution of principal site-specific and overall can-

cers, and the ICD-9 and ICD-10 codes used for each are

given in Table 2. Altogether 547 study members with

anthropometric measurements developed cancer over the

59-year follow-up period. These included 97 cases of lung

cancer, 69 cases of breast cancer, 59 colorectal cancer, 33

prostate cancer, and 320 cancers not related to smoking. Of

the 69 breast cancer cases, 52 (75.4%) were aged 50? at

the time of death/registration, 7 (10.1%) were aged \50,

and 10 (14.5%) had no date of death/registration and so we

were unable to calculate their age. There were 983 deaths

from all causes combined.

Odds ratios (OR) for cancer and all-cause mortality

associated with a standard deviation (SD) increase in foot

length, shoulder breadth, height, trunk, and leg length are

presented in Table 3. All analyses are adjusted for sex and

age at survey. What is most striking is the lack of any

consistent association of childhood stature with cancer or

all-cause mortality risk. ORs for all-cause mortality were

close to or just below 1. Conversely, ORs for cancer tended

to be more consistent with a slight increase in risk with

increasing stature although the magnitude of these

Table 1 Baseline characteristics of 2,969 cohort members with at

least one childhood anthropometric measure made at age 2–14

N Mean (SD)

Boys/Girls Boys Girls

Age at dietary survey 1,399/1,570 7.9 (3.3) 7.9 (3.4)

Foot length (cm) at age

2a 8/8 13.0 (0.7) 12.8 (1.0)

5a 54/68 15.8 (0.9) 15.5 (0.9)

10a 66/61 19.8 (1.0) 19.6 (1.3)

14a 42/37 22.8 (1.6) 21.9 (0.9)

Shoulder breadth (cm) at age

2 10/15 19.3 (1.5) 19.0 (1.1)

5 58/74 23.1 (1.3) 22.9 (1.9)

10 70/65 28.4 (1.6) 28.6 (1.4)

14 44/39 33.0 (2.2) 32.9 (2.2)

Height (cm) at age

2 24/26 83.9 (4.4) 82.4 (2.5)

5 59/74 104.2 (4.6) 102.7 (4.7)

10 70/65 131.0 (6.0) 130.5 (6.3)

14 45/39 151.0 (10.0) 153.5 (7.9)

Trunk (cm) at age

2 10/12 42.8 (1.5) 41.5 (3.0)

5 57/73 46.8 (2.3) 45.3 (2.4)

10 68/64 53.9 (2.2) 53.1 (2.8)

14 44/39 59.6 (4.1) 60.7 (4.0)

Leg length (cm) at age

2 10/12 42.3 (3.3) 41.7 (3.0)

5 57/73 57.5 (3.5) 57.3 (3.2)

10 68/64 77.4 (4.4) 77.5 (5.2)

14 44/39 91.3 (6.8) 92.9 (5.1)

Adult height (cm) 469/564 172.2 (7.3) 158.5 (6.9)

Adult inside leg length (cm) 393/357 76.0 (4.0) 70.4 (5.1)

a ±3 months
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associations was very small. The strongest associations

were seen for breast cancer (OR (95% CI) per SD increase

in foot length: 1.16 (0.90, 1.51), shoulder breadth: 1.16

(0.91, 1.49) and trunk: 1.26 (1.00, 1.60)), and prostate

cancer (OR (95% CI) for foot length: 1.22 (0.86, 1.75)).

ORs for breast cancer were generally slightly attenuated

when analyses were restricted to events in women aged

50? at registration/death (OR (95% CI) per SD increase in

foot length, shoulder breadth, height, trunk, and leg length:

1.09 (0.80, 1.47), 1.06 (0.80, 1.40), 1.02 (0.75, 1.40), 1.17

(0.91, 1.52), and 0.92 (0.66, 1.29) respectively).

Childhood socioeconomic position, breastfeeding and

adult Townsend score were available for around 85% of

subjects with anthropometric measures and follow-up data.

Additional adjustments for these factors on this subgroup

had no substantive effect. Birth weight, adult stature, and

parental height were available for a reduced subgroup of

study members who were still alive in 1997–1998 (25–30%

of those with childhood anthropometric measurements and

follow-up). Again, associations of childhood stature with

cancers were broadly unchanged after adjustments for

these factors.

Around half of children were aged \8 years at the

time of the anthropometric measurements. The separate

associations of stature with cancer risk for children aged

\8 (who were pre-pubertal at the time) and those aged 8?

are shown in Table 4 along with formal tests of statistical

interaction. Overall, there was little consistent evidence to

suggest that stature at either age was more strongly asso-

ciated with all-cause mortality or cancer risk. However,

there was a suggestion that colorectal cancer might be

positively associated with stature at age \8 and inversely

associated with stature at age 8?.

Similar analyses were carried out comparing associa-

tions in males and females and in those whose adult height

was above or below average for sex. There was no evi-

dence of a difference in effect between the sexes. The

analysis by adult height was again restricted to 25–30% of

the study population but there was some evidence in this

restricted group that increasing childhood stature (exclud-

ing trunk) may be associated with reduced lung cancer risk

in shorter adults and increased risk in taller adults (e.g. OR

(95% CI) for leg length: 0.35 (0.21, 0.59) vs. 1.13 (0.64,

2.01) (p for interaction = 0.002)).

There were no striking differences in analyses restricted

to cancer cases aged B60 at death or registration. Analyses

based on cancer mortality were also largely similar to those

presented in Table 3 with the possible exception of breast

Table 2 Cancers in 2,642

traced cohort members

with at least one childhood

anthropometric measure

made at age 2–14

a Includes secondary and

carcinomatosis

Site ICD9 ICD10 N

Cancers not related to smoking

Colon 153 C18 40

Rectosigmoid junction C19 2

Rectum 154 C20 17

Malignant melanoma 172 C43 14

Other skin 173 C44 62

Breast 174 C50 69

Uterus (body) 182 C54 12

Ovary 183 C56 14

Prostate 185 C61 33

Brain 191 C71 6

Other lymphoid 202 7

Multiple myeloma 203 C90 8

All cancers not related to smoking 320

Cancers related to smoking

Oesophagus 150 C15 12

Stomach 151 C16 19

Liver 155 C22 6

Pancreas 157 C25 14

Larynx 161 C32 7

Trachea, bronchus and lung 162 C34 97

Bladder 188 C67 21

Kidney 189 (not 189.3/189.4) C64/C65 13

All cancers related to smoking 210

All cancers 547a
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cancer risk. In contrast to results based on all breast can-

cers, increases in all five anthropometric measures were

associated with a 20–35% reduction in breast cancer

mortality although these analyses were based on only 11

cases and the confidence intervals (CIs) include 1 (e.g. OR

(95% CI) for foot length: 0.65 (0.40, 1.05)).

Discussion

There is a large body of evidence to support a weak but

consistent association between adult height and cancer risk,

with taller individuals experiencing a 20–60% increase in

risk [6]. Associations with specific components of stature

are rather less consistent, although most studies report

stronger associations of cancer risk with the leg component

[6]. We explored associations between cancer risk and five

components of stature in childhood (foot length, shoulder

breadth, height, trunk and leg length) and found no

coherent evidence of any substantial stature–cancer asso-

ciations. However, the limited associations that were

observed were not inconsistent with existing evidence;

specifically, cancer risk tended to increase slightly with

increasing stature while the opposite direction of associa-

tion was seen in relation to all-cause mortality.

The current analyses were based on a large cohort of

children followed from a young age for 59 years. Detailed

childhood anthropometric and socioeconomic data were

available for over 2,600 participants and 92% of these

subjects have been traced and followed-up. Over 500

cancers and 900 deaths have been identified in those cohort

members with childhood anthropometric measurements,

and this has led to a more detailed exploration of specific

sites than was previously possible. Based on these num-

bers, we had over 80% power to detect ORs for all cancers

combined consistent with those reported in the literature

[6] although power was lower for site-specific cancers,

analyses with additional adjustments, and analyses based

on deaths or early cancers. The tables summarize the

results from a large number of comparisons, and we have

therefore focussed on the magnitude and consistency of

ORs rather than on the results of individual significance

tests.

With the exception of foot length, anthropometric

measurements were made using standard methods.

Implausible measurements or (in the case of foot length)

pairs of measurements were excluded along with mea-

surements in very young children (under 2 years).

However, the possibility of measurement error cannot be

ignored and, assuming the errors to be random, this is

likely to have led to an underestimation of any stature–

cancer associations. Such effects are likely to be minimal

for associations with height and greatest for those with foot

length.

Children with anthropometric measurements were

younger and from a higher social class than those without.

Untraced subjects were older, more likely to be female and,

Table 3 Increase in odds (95% CI) due to 1 SD increase in childhood

stature adjusted for sex and age at measurement

N (with/without) OR (95% CI) p

All cancers

Foot length 490/1,857 1.02 (0.92, 1.13) 0.69

Shoulder breadth 529/2,023 1.06 (0.96, 1.17) 0.24

Height 543/2,092 1.02 (0.92, 1.13) 0.74

Trunk 522/2,022 1.04 (0.94, 1.15) 0.47

Leg length 522/2,022 1.01 (0.91, 1.12) 0.80

Lung cancer

Foot length 90/2,257 0.97 (0.80, 1.19) 0.80

Shoulder breadth 94/2,458 1.09 (0.89, 1.33) 0.42

Height 97/2,538 0.94 (0.78, 1.14) 0.54

Trunk 93/2,451 1.11 (0.91, 1.37) 0.31

Leg length 93/2,451 0.91 (0.74, 1.12) 0.37

Breast cancer (females only)

Foot length 64/1,152 1.16 (0.90, 1.51) 0.25

Shoulder breadth 66/1,257 1.16 (0.91, 1.49) 0.23

Height 69/1,297 1.07 (0.81, 1.42) 0.61

Trunk 65/1,256 1.26 (1.00, 1.60) 0.05

Leg length 65/1,256 0.97 (0.72, 1.32) 0.87

Colorectal cancer

Foot length 52/2,295 1.13 (0.88, 1.45) 0.33

Shoulder breadth 57/2,495 0.99 (0.73, 1.34) 0.94

Height 59/2,576 1.06 (0.84, 1.33) 0.63

Trunk 57/2,487 1.00 (0.76, 1.32) 0.99

Leg length 57/2,487 1.05 (0.84, 1.30) 0.68

Prostate cancer (males only)

Foot length 30/1,101 1.22 (0.86, 1.75) 0.27

Shoulder breadth 33/1,196 1.08 (0.76, 1.52) 0.67

Height 33/1,236 1.10 (0.80, 1.51) 0.57

Trunk 32/1,191 0.90 (0.63, 1.28) 0.55

Leg length 32/1,191 1.14 (0.81, 1.61) 0.44

Cancers not related to smoking

Foot length 285/2,062 1.03 (0.91, 1.16) 0.62

Shoulder breadth 307/2,245 1.03 (0.91, 1.17) 0.64

Height 317/2,318 1.04 (0.92, 1.17) 0.58

Trunk 303/2,241 1.01 (0.90, 1.14) 0.82

Leg length 303/2,241 1.03 (0.91, 1.17) 0.63

All-cause mortality

Foot length 874/1,473 0.97 (0.88, 1.06) 0.48

Shoulder breadth 931/1,621 1.02 (0.93, 1.11) 0.74

Height 951/1,684 0.94 (0.86, 1.03) 0.21

Trunk 924/1,620 0.95 (0.87, 1.04) 0.28

Leg length 924/1,620 0.96 (0.88, 1.05) 0.39
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again, from higher social classes. In addition, there were

specific restrictions in some of the adjusted analyses and,

in particular, subjects included in analyses adjusted for

birth weight, adult and parental stature had to be alive in

1997–1998 when the data were collected. Although these

restrictions may limit the generalisability of our findings,

there is no reason to suppose that they will have led to any

differential bias, and it is reassuring that there were no

Table 4 Increase in odds (95% CI) due to 1 SD increase in childhood stature by age at measurement

N (\8/8?) Aged \8 Aged 8? p

OR (95% CI) p OR (95% CI) p (interaction)

All cancers

Foot length 1,171/1,176 1.00 (0.86, 1.16) 0.97 1.05 (0.91, 1.20) 0.52 0.63

Shoulder breadth 1,305/1,247 1.02 (0.89, 1.18) 0.74 1.10 (0.96, 1.26) 0.18 0.48

Height 1,382/1,253 0.97 (0.84, 1.13) 0.73 1.06 (0.93, 1.21) 0.39 0.39

Trunk 1,302/1,242 1.00 (0.87, 1.16) 0.96 1.07 (0.94, 1.22) 0.31 0.49

Leg length 1,302/1,242 0.97 (0.84, 1.13) 0.72 1.05 (0.91, 1.20) 0.51 0.47

Lung cancer

Foot length 1,171/1,176 0.89 (0.66, 1.22) 0.48 1.04 (0.80, 1.36) 0.75 0.47

Shoulder breadth 1,305/1,247 1.06 (0.80, 1.41) 0.66 1.10 (0.82, 1.47) 0.52 0.87

Height 1,382/1,253 0.77 (0.56, 1.04) 0.09 1.10 (0.87, 1.39) 0.44 0.07

Trunk 1,302/1,242 1.13 (0.82, 1.55) 0.46 1.11 (0.85, 1.47) 0.44 0.98

Leg length 1,302/1,242 0.67 (0.49, 0.92) 0.01 1.12 (0.87, 1.44) 0.39 0.02

Breast cancer (females only)

Foot length 604/612 1.09 (0.71, 1.66) 0.70 1.22 (0.89, 1.67) 0.21 0.64

Shoulder breadth 673/650 1.21 (0.82, 1.77) 0.33 1.12 (0.81, 1.55) 0.48 0.78

Height 712/654 1.23 (0.82, 1.83) 0.32 0.95 (0.66, 1.38) 0.79 0.35

Trunk 671/650 1.27 (0.93, 1.74) 0.14 1.25 (0.89, 1.76) 0.19 0.97

Leg length 671/650 1.12 (0.73, 1.72) 0.61 0.87 (0.58, 1.30) 0.49 0.38

Colorectal cancer

Foot length 1,171/1,176 1.45 (1.06, 1.98) 0.02 0.88 (0.61, 1.26) 0.48 0.04

Shoulder breadth 1,305/1,247 1.09 (0.76, 1.56) 0.63 0.89 (0.58, 1.37) 0.60 0.43

Height 1,382/1,253 1.28 (0.93, 1.75) 0.13 0.87 (0.62, 1.20) 0.39 0.09

Trunk 1,302/1,242 1.15 (0.77, 1.71) 0.49 0.88 (0.59, 1.30) 0.51 0.34

Leg length 1,302/1,242 1.25 (0.94, 1.67) 0.13 0.88 (0.63, 1.23) 0.47 0.13

Prostate cancer (males only)

Foot length 567/564 1.24 (0.72, 2.14) 0.45 1.22 (0.76, 1.95) 0.42 0.97

Shoulder breadth 632/597 1.09 (0.60, 1.95) 0.78 1.07 (0.69, 1.66) 0.75 0.98

Height 670/599 1.17 (0.71, 1.91) 0.54 1.05 (0.69, 1.60) 0.83 0.74

Trunk 631/592 0.96 (0.59, 1.56) 0.87 0.85 (0.52, 1.40) 0.53 0.72

Leg length 631/592 1.21 (0.74, 1.96) 0.45 1.10 (0.68, 1.77) 0.70 0.79

Cancers not related to smoking

Foot length 1,171/1,176 1.04 (0.87, 1.24) 0.65 1.02 (0.86, 1.21) 0.81 0.90

Shoulder breadth 1,305/1,247 1.03 (0.86, 1.23) 0.76 1.03 (0.86, 1.23) 0.72 0.98

Height 1,382/1,253 1.10 (0.92, 1.31) 0.30 0.98 (0.83, 1.15) 0.78 0.35

Trunk 1,302/1,242 1.01 (0.86, 1.19) 0.89 1.01 (0.86, 1.19) 0.92 0.99

Leg length 1,302/1,242 1.12 (0.94, 1.34) 0.21 0.96 (0.80, 1.15) 0.66 0.23

All-cause mortality

Foot length 1,171/1,176 0.93 (0.81, 1.06) 0.29 1.00 (0.89, 1.14) 0.96 0.42

Shoulder breadth 1,305/1,247 1.03 (0.91, 1.16) 0.68 1.01 (0.89, 1.14) 0.92 0.83

Height 1,382/1,253 0.92 (0.81, 1.04) 0.19 0.97 (0.85, 1.09) 0.59 0.57

Trunk 1,302/1,242 0.89 (0.79, 1.01) 0.07 1.02 (0.90, 1.15) 0.81 0.14

Leg length 1,302/1,242 0.95 (0.84, 1.08) 0.47 0.97 (0.85, 1.09) 0.58 0.90
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differences in anthropometric measurements between

cohort members who were and were not traced.

A previous analysis of these data [7] reported a positive

association between cancer mortality (all sites combined)

and increasing height and leg length which was most

marked in children measured at age\8. We have failed to

consistently replicate this finding with an updated dataset

containing five times more cancers including registrations

as well as deaths. The previous analysis (based on follow-

up to 1995) was based on cancer deaths occurring early in

follow-up, which might suggest that any effect is limited to

premature deaths. The analyses presented here used a

combined endpoint based on death and registration data

and so we were unable to explore the timing of events

directly, e.g. using Cox regression. However, results from

analyses restricted to early cancers or to cancer mortality

did not differ substantially from the main results in Table 3

and it seems likely that our previous positive association

was a chance finding.

Other studies have shown that breast cancer risk

increases with greater childhood height, greater height

velocity, and early PHV [11, 25]. The magnitude of our

overall breast cancer association (OR (95% CI) per SD

increase in height 1.07 (0.81, 1.42)) is consistent with those

reported in the literature (e.g. results from a pooled analysis

of data from seven prospective studies reported relative

risks (95% CI) per 5 cm increase in height of 1.02 (0.96,

1.10) and 1.07 (1.03, 1.12) for pre- and post-menopausal

breast cancer respectively) [26]. Ahlgren et al. [11] report a

stronger association with height at age 8?. In contrast, our

results by age at measurement show little difference with,

if anything, a slightly stronger association with height at

age\8, although the number of breast cancer cases in each

group is small and the confidence intervals are broadly

consistent with theirs. Contrary to our original hypotheses,

we found that greater trunk length rather than leg length

was the component of stature most strongly associated with

breast cancer risk. Few studies have looked at the com-

ponents of stature in relation to breast cancer risk. A recent

analysis of the British Women’s Heart and Health Study

[27] reported that associations with trunk length were

similar to those with leg length although, as these women

were post-menopausal, greater trunk length could be due to

lower levels of osteoporotic vertebral collapse, possibly

reflecting circulating oestrogen levels, in turn being related

to cancer risk.

Adult stature has previously been shown to be associ-

ated with cancer risk, and it has been hypothesized that

differential associations with different components of

stature may reflect the effect on cancer risk of exposures

acting at critical periods of growth, particularly in adoles-

cence. This analysis provides no consistent evidence to

support such differential effects, but this finding must be

viewed in the context of relatively weak overall height–

cancer associations, limiting our capacity to tease out any

subtle effects related to particular measures of body size. In

a separate analysis of the Boyd Orr cohort [28] we have

explored the extent to which childhood anthropometric

measurements can be explained by diet, housing conditions

and socioeconomic position. The results from these anal-

yses indicate that there is no single factor or subgroup of

factors that are of particular importance. Rather, all factors

are associated to some degree with childhood anthropo-

metric measurements even at this young age. There are

many influences, genetic and environmental, governing

final adult stature and future disease, and it is likely that a

single measurement in childhood is not sufficient to rep-

resent all the complexities and inter-relationships involved.
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