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Adult height and mortality in London: early
life, socioeconomic confounding, or shrinkage?

David A Leon, George Davey Smith, Martin Shipley, David Strachan

Abstract
Study objective - To examine in detail the
cause specific associations between height
and mortality.
Design - A prospective cohort study with
an 18 year mortality follow up.
Setting and participants - The Whitehall
study of 18 403 men in the civil service in
London examined between 1967 and 1969
aged 40-64 and followed up for mortality
until the end ofJanuary 1987.
Main results - There was considerable
variation in the strength of height-mor-
tality association by cause. Respiratory
disease showed the strongest inverse as-
sociation, cardiovascular disease a mod-
erate effect, and all neoplasms virtually no
effect. Adjustment for age and civil service
grade reduced the strength of these as-
sociations slightly, but had no impact on
the heterogenous pattern by cause (X2
3df p<0-001). The height-mortality as-
sociation declined with the length offollow
up. By 15 +years, the only appreciable
height affect was for respiratory disease
mortality.
Conclusions - The attenuation of the
height-mortality association with length of
follow up might be explained by differ-
ential height reduction before entry that
was greatest for people who were already
ill, and hence at greatest risk of dying.
The cause specific variation in the height-
mortality association lends little support
to the contention that impaired growth in
childhood is a marker of general sus-
ceptibility to disease in adulthood.

(7 Epidemiol Community Health 1995;49:5-9)

Adult height has been found to be predictive of
mortality in cohort studies in Britain,' Norway,2
Finland,3 and Sweden.45 Most studies have
reported results for only a few causes of death,
the strongest effects being for mortality from
respiratory and coronary heart disease, and
death rates have been shown to decline as
height increases. These effects have been found
to persist after adjusting for socioeconomic
circumstances in adult life,'6 childhood,3 and
both simultaneously.4 Similarly, the association
between height and cardiovascular disease in-
cidence or mortality has been found to survive
statistical adjustment for risk factors such as
smoking, blood pressure, cholesterol con-
centration, body mass index, and lung func-
tion.9 Since attained adult height is thought
to be partly determined by circumstances in

utero, infancy, and childhood through to ado-
lescence,'0' the association ofheight with mor-
tality has been viewed as supporting the
hypothesis that early life and childhood factors
directly influence mortality in adulthood.'212
One of the first reports of the association of

height with mortality came from the 10 year
follow up ofthe Whitehall study ofmale, British
civil servants.'6 We were prompted to re-ex-
amine the height relationship in the Whitehall
study based on an extended follow up period
of 18 years because of the increasing interest
in the contribution of early life experiences to
adult health.'3

Methods
In the Whitehall study, 18 403 men aged 40-64
were examined between 1967 and 1969. Meas-
urements included height, weight, and blood
pressure. A questionnaire was completed re-
garding age, civil service employment grade,
smoking habits, and health status. Height was
measured with the subject wearing shoes and
standing back to the measuring rod with the
visual axis horizontal; readings were recorded
to the nearest 2 inch below. Full details of
procedures used in the screening examination
have been reported previously.'4
Employment grade was categorised as ad-

ministrative, professional or executive, clerical,
and "other grades" (men in messenger and
other unskilled manual jobs). Employment
grade was not comparable to the rest of the
sample for 873 subjects from the Diplomatic
Service and British Council. These subjects
have been classified as a separate group in the
analyses that involve grade. Smoking has been
categorised according to cigarette use as "cur-
rent smoker", "ex-smoker", and "never
smoker". Disease on entry to the cohort was
defined as any one or more of the following:
relative shortness of breath on level ground,
pain in either leg on walking, past history of
diabetes, heart or blood pressure trouble, un-
explained weight loss over the preceding year,
grade 1 or 2 angina according to the Rose
angina questionnaire, severe chest pain for over
half an hour and an abnormal ECG according
to the following Minnesota code items: Q/QS
waves (1 1-1-3); ST depressions (4-14-4); T
wave inversion or flattening (541-5 3); or left-
bundle branch block (7*1).

Records from over 99% of subjects were
traced and flagged at the National Health Ser-
vice Central Registry, and this almost complete
mortality follow up to 31 January 1987 provides
the basis for the analysis. Cause of death from
death certificates were coded according to the
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Table 1 Number of deaths and mortality rate ratios (95% CI) for broad cause groups
associated with a 6 in difference in height (short v tall)

Cause of death (ICD8 code) No of Adjustments
deaths

Age Age and grade

All causes (0001-9999) 4189* 1-21 (1 13, 1-29) 1-12 (1-04, 1-20)
Malignant neoplasms (140-209) 1290 0-98 (0-87, 1 11) 0 91 (0 80, 1-03)
Circulatory disease (390-458) 2198 1-25 (1-14, 1-37) 1-18 (1-07, 1-30)
Respiratory disease (460-519) 348 1-90 (1-52, 2-38) 1-60 (1-28, 2-02)
All other causes 340 1-27 (1-00, 1-61) 1-16 (0-91, 1-48)

%2 heterogeneity (3df) 27-35 21-65
(p<O-OO 1) (p<-OOl1)

* All cause mortality includes 13 deaths whose specific cause of death was not known.

eighth revision of the International Classification
of Diseases (ICD).

Mortality rates have been calculated using
person years at risk. Age and grade adjusted
mortality rate ratios and their confidence in-
tervals have been estimated using Cox's pro-

portional hazards regression model. The effect
of height on mortality is expressed as the mor-

tality rate ratio associated with a six inch differ-
ence in height derived from regression models
in which height (as a continuous variable) was

included as a linear term. Tests of linear trend
in mortality ratios across the period offollow up
have been calculated by testing the proportional
hazards assumption. All analyses were per-

formed using the statistical package SAS.

Results
HEIGHT EFFECTS BY CAUSE

The age adjusted associations between height
at entry to study and mortality by cause group
are shown in table 1. Respiratory disease shows
the strongest inverse association, mortality de-
clining with height. Smaller effects in the same

direction are seen for circulatory disease and
"all other causes". No effect is seen for the
aggregate of all malignant neoplasms. Ad-
ditional adjustment for civil service grade re-

duces all of the rate ratios, although there
remains an appreciable effect for respiratory
disease. It is highly unlikely that the variation
in the effects across cause groups is due to

chance.

In table 2, the height effects are presented
for specific causes of death. Within circulatory
disease there are striking differences in the
effects which are unlikely to be due to chance.
Mortality from coronary heart disease and
cerebrovascular disease show moderate
decreases with increasing height. The opposite
is found for mortality from aortic aneurysm:

tall people are at increased risk relative to

those who were short. Adjustment for civil
service grade results in small reductions in
the circulatory disease rate ratios.

Mortality from bronchitis and emphysema,
and the aggregate of other respiratory diseases,
show similar strong inverse associations with
height. Adjustment for grade reduces the rate

ratios substantially, although they remain large
compared to other causes.

The association ofheight with mortality from
specific malignant neoplasms reveals no con-

sistent direction of effect. The strongest effect
is seen for oesophageal cancer, with adjusted
rate ratios of over 2 associated with a 6 in
reduction in height. Of the 12 cancer sites
shown in table 2, the age adjusted rate ratios
are above 1 00 for 5 sites. Adjustment for grade
in addition to age, reduces most of the rate

ratios, but the mixed patterns of effect are still
apparent, although a formal test of hetero-
geneity suggests that these site specific differ-
ences could have arisen by chance alone.

HEIGHT EFFECTS BY PERIOD OF FOLLOW UP

A pronounced attenuation of the height effects
with period of follow up is shown in table
3 for all causes, coronary heart disease, and
respiratory disease. For all three cause groups,

the linear trend statistic is statistically sig-
nificant. The reduction in the rate ratios with
follow-up is most apparent for respiratory dis-
ease, although at 15 + years there remains an

inverse association between height and mor-

tality. For coronary heart disease, the rate ratios

also decline, to such an extent that by the last
follow up period there is virtually no height
effect apparent.

Table 2 Mortality rate ratios (95% CI) for specific causes associated with a 6 in difference in height (short v tall)

Cause of death (ICD8 code) Adjustments

Age Age and grade

Coronary heart disease (410-414) 1-33 (1-20, 1-49) 1-27 (1 14, 1.42)
Cerebrovascular disease (430-438) 1-37 (1-05, 1 78) 1-29 (0 99, 1-69)
Aortic aneurysm (441) 0-63 (0-41, 0-99) 0-58 (0 37, 0 90)
Other circulatory disease (remainder 390-458) 0-94 (0 70, 1-26) 0-86 (0-64, 1-15)
X heterogeneity (3df) 14-56 16-71

(p<0O01) (p<0O001)
Bronchitis and emphysema (490-492) 2 08 (1-36, 3 20) 1 58 (1-01, 2-45)
Other respiratory (460-489, 493-519) 1-84 (1-41, 2-39) 1-61 (1-23, 2-11)
x% heterogeneity (1 df) 0-24 0 01

(p>05) (p>05)
Lung cancer (162) 1-06 (0-86, 1-30) 0-89 (0 73, 1-10)
Oesophagus cancer (150) 2-34 (1-18, 4-64) 2-14 (1-07, 4-29)
Stomach cancer (151) 1-23 (0-80, 1 90) 1-07 (0-69, 1-65)
Pancreas cancer (157) 1 11 (0-65, 1-89) 1-08 (0-63, 1-85)
Colon cancer (153) 1-04 (0 70, 1-55) 1-07 (0-71, 1-60)
Rectum cancer (154) 0 99 (0-51, 1-93) 0 97 (0 48, 1-94)
Prostate cancer (185) 0-63 (0 41, 0-99) 0 70 (0-45, 1 11)
Bladder cancer (188) 0-98 (0 52, 1-85) 1-00 (0 53, 1-89)
Brain cancer (191) 0-57 (0-28, 1-15) 0-56 (0-28, 1-15)
Leukaemia (204-207) 0-88 (0-45, 1-72) 0 91 (0-46, 1 81)
Lymphoma (200-203) 0-56 (0-31, 1-01) 0 53 (0-29, 0-96)
Other cancers (remainder 140-209) 0 94 (0-68, 1 31) 0 86 (0(06, 1 21)
x% heterogeneity (11 df) 17-64 13-72

(p = 0 09) (p - 025)
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Table 3 Cause specific mortality rate ratios (95% CI) associated with a 6 in difference
in height (short v tall) by period offollow up

Cause of death Period offollow up Adjustments
(Y)

Age Age and grade

All causes
0-9 1-36 (1-23, 1-51) 1-23 (1-11, 1 37)
10-14 1 15 (1-03, 1 30) 1-09 (0 97, 1-23)
15+ 1-04 (0-91, 1-19) 0-98 (0-86, 1-13)

Test of linear trend p<001 p<001
Malignant neoplasms

0-9 1 01 (0-83, 1-22) 0 90 (0 74, 1-09)
10-14 1-00 (0-81, 1-23) 0-94 (0-76, 1-17)
15+ 0-92 (071, 118) 088 (0-68, 113)

Test of linear trend p>05 p>0 5
Coronary heart disease

0-9 1-56 (1-33, 1-83) 1-44 (1-23, 1-67)
10-14 1 24 (1-02, 1 50) 1 20 (0-99, 1 47)
15+ 1 07 (0-85, 1-34) 1 06 (0-83, 1 34)

Test of linear trend p<001 p<001
Respiratory disease

0-9 3-26 (2-20, 4 82) 2-64 (1-76, 3-97)
10-14 1-58 (1 10, 2-28) 1-33 (0-92, 1-92)
15+ 1-42 (0 95, 2-13) 1-25 (0-83, 1-89)

Test of linear trend p = 0-04 p = 0-04
All other causes

0-9 1-23 (0-98, 1 55) 1-13 (0 90, 1-42)
10-14 1 10 (0-86, 1-41) 1-04 (0 81, 1-34)
15+ 1.01 (077, 1-33) 091 (070, 1 20)

Test of linear trend p=0 4 p=0 4

Table 4 Mortality rate ratios (95% CI) for broad cause groups associated with a 6 in
difference in height (short v tall), excluding subjects with evidence ofpre-existing disease
on entry to study

Cause of death (ICD8 code) Adjustnents

Age Age and grade

All causes (0001-9999) 1 11 (1-02, 1 29) 1-04 (0 95, 1-13)
Malignant neoplasms (140-209) 1 00 (0-87, 1-16) 0-92 (0-80, 1-07)
Circulatory disease (390-458) 1 13 (0-99, 1-28) 1-06 (0-93, 1-20)
Respiratory disease (460-519) 1-70 (1-24, 2 33) 1 52 (1-11, 2 08)
All other causes 1-11 (0-83, 1 49) 1-06 (0 79, 1 43)

EXCLUSION OF THOSE WITH PRE-EXISTING
DISEASE
At entry to study, men with evidence of pre-
existing disease were 0-28in (95% CI 0-19-
037) shorter than those without after ad-
justment for age and grade. Table 4 shows the
age and age and grade adjusted rate ratios
by cause group having excluded subjects with
disease on entry. With the exception of malig-
nant neoplasms, the rate ratios in table 4 are
smaller than in table 1, only the association
with respiratory disease remaining of ap-

preciable size after adjustment for age and
grade.
Adjustment for current smoking habit, in

addition to age and grade, had very little effect
upon the height-mortality effects reported
above.

Discussion
Our analyses provide a much more detailed
picture of the associations between height and
mortality in the Whitehall study than published
previously.'6 The cause specific patterns found
are similar to those reported by Waaler,2 who
found the strongest associations to be with
mortality from obstructive lung disease, slightly
weaker associations with mortality from cardio-
vascular disease as a whole, and no association
for the aggregate of all cancers. However, the
only other study to report data on the height-

mortality association for a broader range of
causes5 (based on a cohort of Swedish con-
scripts) did not find the same relationships: tall
people were at increased risk of death from
neoplasms and the aggregate of cardiovascular
and respiratory diseases. In this Swedish study,
height was measured at age 18, while in the
Whitehall and Norwegian2 studies height was
measured among people most of whom were
considerably older. A study based on heights
measured among a random sample ofthe entire
Swedish population, however, found the usual
inverse association between height and mor-
tality from cardiovascular disease.4 A study of
the association of self reported height with the
prevalence of self reported chronic disease in
the Italian national health survey'5 found the
largest effects (adjusted for education, smoking,
and region of residence) to be for respiratory
diseases, smaller effects for cardiovascular dis-
ease and no effect for cancer.
One of the most striking variations between

causes in the height effect in the Whitehall data
is within circulatory disease. Height is inversely
related to mortality from coronary heart and
cerebrovasculalr disease, but positively related
to mortality from aortic aneurysm. The cor-
relation of aortic aneurysm mortality with
height was not confined to the tallest men, nor
to dissecting aneurysms, so it is unlikely that
it can be entirely explained by the recognised
vascular complications ofMarfan's syndrome. 6
There have been a variety of studies ofheight

and cancer risk among men, although there is
little consistency in their findings.'7 The pos-
itive associations between height and cancer
risk found in several studies have been taken
to indicate that high calorie intake in early life
increases risk of cancer in adulthood,'819 a sug-
gestion that receives some support from animal
experiments.'8 It is interesting to note that the
apparent increase in mortality from lymphomas
with increasing height reported here is con-
sistent with the finding that a series of Hodg-
kin's lymphoma patients were taller than their
matched controls.20
The hypotheses advanced to explain why

adult height may have an effect upon mortality
tend to emphasise height as a proxy for cir-
cumstances in infancy and childhood. That
height is associated with mortality, however,
could be due to confounding, particularly by
socioeconomic factors. Adult height is related
to socioeconomic position,21 22 and socio-
economic position is related to a range of
risk factors. In the Whitehall study, civil service
grade has been shown to be a powerful pre-
dictor ofsubsequent mortality. ' As a measure of
socioeconomic position, it is highly correlated
with circumstances in adult life, and risk factors
for mortality including plasma cholesterol con-
centration, respiratory function, and blood
pressure. The grade adjusted height effects in
the Whitehall study, which remain appreciable
for respiratory disease, and to a lesser extent
coronary heart disease, could therefore be re-
garded as evidence for aetiological factors op-
erating in childhood, infancy, or even in utero.
However, residual confounding may also be
present. Grade may not reflect the full subtlety
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of socioeconomic circumstances in adult life,6
and thus the adjusted effects may overestimate
the true effect ofheight as a proxy for childhood
circumstances. Acting in the reverse direction,
it is possible that the adjusted effects un-
derestimate the influence of childhood cir-
cumstances, as within grade, differences in
height may have a larger genetic component
than variations in height in the study population
as a whole. That socioeconomic confounding
is not the only explanation is suggested by the
fact that very similar associations were observed
between height and cardiovascular disease in
the socioeconomically homogenous US study
population of male physicians.8

It was shown earlier that age and grade ad-
justed height effects vary by broad cause of
death group.6 This variation in effect is even
more marked in the detailed cause specific
analyses we present here. We thus conclude
that these Whitehall data provide little support
for the contention'23 that circumstances in in-
fancy and childhood influence susceptibility in
adulthood to disease in general.

It has been suggested24 that the positive as-
sociation seen between upward social mobility
and height may explain part of the height-
mortality association: taller people being more
likely to reap the health benefits of better socio-
economic circumstances in adulthood, re-
gardless of their socioeconomic position in
childhood. Waaler,2 who was the first to sys-
tematically report the association between
height and mortality, discussed the significance
of height as a proxy for childhood cir-
cumstances, as well as the possibility that gen-
etic regulation of height and susceptibility to
disease may be linked in some way. Intriguingly,
however, he also considered that reverse caus-
ality might be important, in that "diseases ...

might lead to shorter body height . . . and
of course also to excess mortality" (p 34).
Measured height could decline as a con-
sequence of the onset of morbidity which ul-
timately leads to death. This "shrinkage" might
be due to postural changes, some of which may
be organic, such as kyphosis among men with
obstructive lung disease.
Our findings that the main height-mortality

associations are attenuated with length of fol-
low up are consistent with this "shrinkage"
explanation. There is a parallel with the healthy
worker effect.25 Mortality rates among cohorts
of people in employment at the start of follow
up are usually lower than those in the general
population. This health advantage is strongest
at the start of follow up, but wears off with
duration of follow up, as the prevalence of
disease increases and a proportion of those
who become sick fall out of employment. The
decline in the height effect with length of follow
up observed in our analyses could be a similar
"wearing-off' of a selection effect. The parallel
with the healthy worker effect extends to the
way in which shrinkage affects different causes
of death. While the healthy worker effect has
little impact on mortality from malignant neo-
plasms, the mortality advantage from cardio-
vascular disease is generally eliminated within
five to 10 years, while that for respiratory dis-

ease remains more substantial and persists over
a much longer period.26 However, it should
be emphasised that the healthy worker effect
operates in an opposite way to the hypothesised
shrinkage effect, as it involves the selection
of the "healthy" employed, rather than the
selection of the "sick" whose measured height
has declined through illness.

If health-related shrinkage explains some of
the association, then one would predict that
height would show a much reduced effect on
mortality in a follow up study if persons with
pre-existing disease were excluded at the outset.
This is consistent with our finding that the
height effects were almost eliminated for all
causes other than respiratory disease as a result
of the exclusion of those who had evidence of
pre-existing disease on entry to study. A similar
picture is evident from an analysis of data
from the US railroad cohort study.27 This study
recruited three thousand white railway workers
aged 40-59 years and followed them up over a
20 year period. The presence of cardiovascular
disease at baseline examination was determined
by clinical and ECG findings of myocardial
infarction, angina, major non-specific ECG ab-
normalities, peripheral vascular disease and hy-
pertension. When 465 men with evidence of
cardiovascular disease at baseline were ex-
cluded, there was no association between height
and major cardiovascular disease ascertained
during follow up. However, exclusion of those
with a history of angina in the US physicians
study had little impact on the strength of the
height-disease association.8
Those men with evidence of pre-existing

disease at entry to the Whitehall study were
4 in shorter at the start of follow up than those
without. How biologically plausible is it that
such a height difference could have arisen
through shrinkage rather than differences in
maximum attained height? A partial answer to
this question may be provided by looking at
the size of height reductions associated with
aging. Longitudinal studies suggest that meas-
ured height peaks at the end of the third decade
of life, declining with increasing velocity from
the end of the fourth decade.2829 Forsdahl and
Waaler,29 in their study of 10 000 men and
10 000 thousand women in Norway, report
reductions of around 1 mm/y in each five year
age group in the range 45-69 years. However,
by age 80-84, height declines by 22 mm/y.
Similar height reductions are reported in two
longitudinal studies of "healthy" men in the
United States.2830 If these height reductions
applied to the Whitehall study population, over
a 20 year period there would be a mean shrink-
age of about 0-8 in. Given this degree of "nor-
mal" shrinkage, it is possible that a difference
of 4 in, or even more, could arise as a result of
differential shrinkage between those who have
certain types of morbidity and those who do
not.

It should be emphasised that our data do
not provide any direct evidence for the role of
shrinkage as a contributory factor to the height-
mortality relationship. In order to quantify the
extent to which shrinkage may explain some of
the height-mortality association, what is now
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required are data in which longitudinal meas-
urements of height change can be related to
morbidity and subsequent mortality. In the
meantime, caution should be displayed in in-
terpreting the aetiological significance of the
association between height and mortality.
We would like to thank Johan Giesecke, Di Kuh, Chris Power,
and Denny Vagero.
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