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Childhood energy intake and adult mortality from cancer:
the Boyd Orr cohort study
Stephen Frankel, David J Gunnell, Tim J Peters, Maria Maynard, George Davey Smith

Abstract
Objective: To examine the relation between energy
intake in childhood and adult mortality from cancer.
Study design: Cohort study.
Setting: 16 rural and urban centres in England and
Scotland.
Subjects: 3834 people who took part in Lord Boyd
Orr’s Carnegie survey of family diet and health in
prewar Britain between 1937 and 1939 who were
followed up with the NHS central register.
Standardised methods were used to measure
household dietary intake during a one week period.
Main outcome measures: Cancer mortality.
Results: Significant associations between childhood
energy intake and cancer mortality were seen when
the confounding effects of social variables were taken
into account in proportional hazards models (relative
hazard for all cancer mortality 1.15 (95% confidence
interval 1.06 to 1.24), P = 0.001, for every MJ increase
in adult equivalent daily intake in fully adjusted
models). This effect was essentially limited to cancers
not related to smoking (relative hazard 1.20; 1.07 to
1.34; P = 0.001), with similar effects seen in men and
women.
Conclusion: This positive association between
childhood energy intake and later cancer is consistent
with animal evidence linking energy restriction with
reduced incidence of cancer and the association
between height and human cancer, implying that
higher levels of energy intake in childhood increase
the risk of later development of cancer. This evidence
for long term effects of early diet confirm the
importance of optimal nutrition in childhood and
suggest that the unfavourable trends seen in the
incidence of some cancers may have their origins in
early life.

Introduction
Interest in the relation between underfeeding and
reduced mortality from cancer is long standing.1 It was
shown some 60 years ago that energy restriction in an
otherwise adequate diet extended life expectancy in
rats considerably,2 and the animal evidence for a posi-
tive relation between dietary intake during the growth
period and later incidence of cancer is now well estab-
lished.3 Energy restriction limited to very early life has
been shown to result in reduced risk of cancer,4 and

delays in both onset and progression of cancer have
been found.5

Most of the human evidence concerning possible
relations between nutrition and cancer comes from the
use of body size as a proxy for dietary intake. This evi-
dence has been accumulating since the early part of
this century,6 with positive associations between height
and some cancers being seen. For example, a positive
relation between height and the risk of a wide variety of
cancers was found in the 12 554 subjects examined in
the first national health and nutrition examination sur-
vey.7 The association with leg length was greater than
that with overall height, a finding that is consistent with
analyses from the Boyd Orr cohort.8 This finding is
important as leg length is the component of overall
height that is more susceptible to factors in childhood
that influence growth.9 10 In an international ecological
study encompassing 24 populations, strong positive
relations between height and a wide variety of cancers
were seen, independent of weight.11 Similar findings
were described in relation to colorectal cancer when
the association with body mass index was weak and not
significant, but the positive height association was
strong.12 Positive geographical associations within Eng-
land and Wales have been described for a number of
cancers.13 Associations between height and mortality,
however, are confounded by a range of socioeconomic
factors that themselves have strong associations with
mortality.14 The existence of other studies that do not
replicate these height-cancer associations15 may there-
fore reflect the inadequacies of height as a proxy for
childhood nutritional status and inadequate control
for confounding, rather than the lack of an underlying
relation between energy intake in childhood and later
cancer.

Several types of cancer are more common in over-
weight people—for example, colorectal cancer is
positively associated with body mass index,16 although
the association may be weak.12 Few studies present data
covering exposure in early life and later cancer. In gen-
eral, reported associations between weight and cancer
are even less consistent than those with height, as
would be expected as body weight may be responsive
to several influences, including dietary intake, exercise,
pre-existing disease, and smoking, which have conflict-
ing effects on incidence of cancer.7 17

Adult anthropometry is therefore an imperfect
means for investigating the later effects of childhood
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nutrition. Data suitable for examining these relations
directly are largely limited to asking subjects to recall
childhood diet18–20 or assessing dietary change
indirectly from broad national trends. For example,
the reduced incidence of breast cancer in women who
experienced puberty during the second world war has
been attributed to the general reduction in dietary
intake that occurred at that time.21 In the only human
trial of energy restriction that has been published, the
mortality and hospital admission rates of 60 elderly
people subjected to dietary restriction were lower than
those for a group of 60 elderly people on a more gen-
erous diet.22 In addition, there is ecological evidence
from Japan associating low energy intake, small
stature, and healthy longevity.23 In contrast with the
uses of ecological, historical, or recall methods we
used data on dietary intake collected during the late
1930s in a national study of nutrition and health com-
bined with follow up on mortality over about 50 years
to examine the relation between childhood diet and
adult disease.

Methods
The methods used to establish the Boyd Orr cohort
have been described elsewhere.24 In short, the material
used for this analysis is drawn from the original
records of the Carnegie survey of family diet and
health in prewar Britain. The survey was carried out
on 1352 families in 16 rural and urban centres in
England and Scotland over a 2 year period between
1937 and 1939. In all but two of the survey centres the
children from the families underwent detailed
physical examination.

Standardised methods were used to weigh and
record the food available for the entire family at the
beginning of one week. Every purchase of food during
the survey week was also recorded and another inven-
tory of all food in the home was made at the end of the
week. In addition, the number of meals consumed out-
side the home and the weight and composition of
household refuse were recorded during the week. A
note was also made of which family members were
present for each meal. Members of the dietary survey
team regularly visited participating families to monitor
progress with the dietary diaries and to encourage full
recording of food bought and consumed during the
week of study. Dietary information was subsequently
summarised on separate recording sheets and
analysed at the Rowett Research Institute to produce
figures for per capita energy consumption by using
contemporary food tables.

Follow up
We used the NHS central register to trace children
whose families took part in the survey. Survey
members who were resident in Britain on 1 January
1948 were included in the mortality analyses, which
were based on deaths occurring up to 30 June 1996.
Only survey members aged 16 years and under at the
time of the survey were included in this analysis
(n = 4744). The numbers of children in each one year
age band were about equal. Of the total sample, 713
were not traced, leaving a final sample of 4031. Data
were missing for food expenditure (44), date of death
(2), social class (41), survey date (3), and Townsend

score (111). Observations with missing values were
excluded, and full analyses were performed on 3834
(1895 male, 1939 female).

Statistical methods
Individual nutrient intakes were derived from the fam-
ily intake by applying the weights proposed by the
BMA’s committee of nutrition.25 Per capita food
expenditure, expressed in new pence, was derived by
using the same weights. Cause of death was coded
according to ICD-9 (international classification of
diseases, ninth revision). We classified the following as
smoking related cancers: lip (ICD-9 140); tongue (141);
mouth and pharynx (143-9); oesophagus (150);
pancreas (157); respiratory tract (160-163); and
urinary tract (188-189). Cancers not related to
smoking comprise all other malignant cancers
(140-209, excluding those listed above). Tests for the
associations between potentially confounding variables
and energy intake were performed by entering energy
intake as a continuous outcome variable into t tests for
the dichotomous variables (upper social class) and into
linear regression models for the remaining variables,
with the confounder entered as the exposure variable.
Tests for trend for crude death rates across fifths of the
distribution of energy intake were performed by enter-
ing energy intake as a continuous variable into Cox
proportional hazards models for each outcome of
interest. Deviation from linear trend was examined by
likelihood ratio tests comparing the model with energy
intake fifths entered as four dummy variables with the
model where energy fifth was entered as a linear term.
In addition, departures from linearity were investigated
by using polynomial terms for energy intake as a con-
tinuous variable.

The association between energy intake in child-
hood and later mortality was examined in both sexes
and in men and women separately, with adjustment for
age at the time of the survey, household food expendi-
ture, social class, and number of siblings. The
Townsend deprivation score was also entered into
these models to adjust for level of deprivation for the
area of current residence or area of residence at the
time of emigration or death. This index is based on car
ownership, unemployment, overcrowded housing, and
housing tenure (a lower score implies relative
affluence).26 Time from survey was also entered into
these models to allow for the fact that the survey was
conducted over a 2 year period, with the result that age
at time of survey will underestimate the age effect on
mortality of those examined at the end of the survey.
Social class was entered into these models as a
categorical variable with six values: I and II; III (the dis-
tinction between manual and non-manual was not
introduced until 1951); IV; V; unemployed; and unclas-
sifiable. Confounding variables were entered into these
models regardless of their individual associations with
energy intake. Proportional hazards models were
stratified for sex and district of residence at the time of
the original survey. It is possible that in times of scarcity
differential allocation of food within families may
occur. To assess the possible impact of this potential
bias of using energy intakes weighted for age, the
models were repeated with energy intakes that took
no account of the individual family member’s age.
Analyses were performed in Stata.27
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Results
The numbers of deaths from different cancers are
shown in table 1. The mean (SD) weighted energy
intake was 12.2 (2.7) MJ/day. Energy intake varied as
expected with a range of social variables. In particular
there were clear and significant trends of increasing
childhood energy intake with high social class, high
household expenditure, and low number of children in
the household (table 2). These differences were
sustained into adulthood as expressed in a similarly
significant trend with the Townsend score representing

the level of social deprivation for the area of current
residence or area of residence at time of emigration or
death.

Crude death rates did not differ between fifths of
energy intake for all cause mortality or cancer
mortality for men (table 3) or women (table 4). For
deaths not caused by cancer the linear trend for crude
death rates was significant only for women, where
those with lower energy intake in childhood experi-
enced a higher mortality from causes other than
cancer in adulthood. Age adjusted hazard ratios for the
effect of energy intake on mortality outcomes similarly
showed no effects in both sexes combined or in either
sex (table 5). When the confounding effects of the
social variables detailed in table 2 were entered into
these models, however, significant associations between
childhood energy intake and mortality were apparent.
Hazard ratios were raised in relation to cancer
mortality (hazard ratio 1.15 for every MJ increase in
daily adult equivalent energy intake; 95% confidence
interval 1.06 to 1.24; P = 0.001), with similar effects
seen in men and women. This effect, however, was
attributable largely to cancers not related to smoking,
where the hazard ratio for both sexes combined was
1.20 (1.07 to 1.34; P = 0.001). Hazard ratios in the age
adjusted models for the whole sample, including cases
with missing values for confounding variables, were
similar to the hazard ratios reported in table 5 for the
age adjusted models where cases with missing values
had been excluded.

There were no significant interactions between sex
and energy intake in their relations with mortality.
Among women the association between energy intake

Table 1 General categories of deaths from cancer (ICD-9 codes)
for men and women. Values are numbers of cases

Cancer
Men

(n=1895)
Women

(n=1939)

Cancers not related to smoking:

Gastrointestinal, including liver (151-156) 15 17

Breast (174) 0 26

Cervix and uterus (180-183) NA 7

Prostate (185) 4 NA

Brain and central nervous system (191-192) 5 3

Disseminated and unspecified (199) 9 6

Lymphatic and haematopoietic tissue (200-208) 2 6

Miscellaneous (142, 164, 170-172) 4 1

Cancers related to smoking:

Mouth and pharynx (143-149) 5 3

Oesophagus (150) 5 1

Pancreas (157) 3 4

Respiratory tract (160-163) 46 22

Urinary tract (188-189) 5 4

Total 103 100

NA = not applicable.

Table 2 Characteristics of each fifth of distribution of energy intake, 1 being lowest. Figures are means (SD) unless stated otherwise

Detail

Fifth of distribution

P value1 2 3 4 5

Age (years) at survey 6.8 (4.6) 6.3 (4.4) 6.7 (4.6) 6.5 (4.4) 6.8 (4.5) 0.9

No in upper social classes (I-III) 236 (31) 259 (34) 364 (48) 416 (53) 517 (68) <0.0001

Household expenditure* 22.5 (5.9) 27.6 (6.9) 32.3 (8.4) 35.0 (9.7) 43.6 (12.6) <0.0001

No of children in household 4.9 (2.0) 4.6 (1.8) 4.4 (1.9) 4.2 (1.8) 3.7 (1.7) <0.0001

Townsend score† 0.51 (4.8) 0.71 (5.0) 0.50 (4.4) 0.15 (4.2) −0.18 (3.5) <0.0001

*Recorded at time of survey and expressed in new pence per person per week (converted from originally recorded pounds, shillings, and pence).
†See text for details.

Table 3 Crude death rates per 1000 person years (95% confidence intervals) in men in each fifth of distribution of energy intake, 1
being lowest

Cause of death

Fifth of distribution

P value1 2 3 4 5

All causes (n=373) 3.8 (3.0 to 4.7) 3.1 (2.4 to 4.7) 4.5 (3.7 to 5.5) 3.5 (2.8 to 4.4) 3.6 (2.9 to 4.4) 0.63

All cancers (n=103) 0.9 (0.6 to 1.4) 0.8 (0.5 to 1.3) 1.4 (0.9 to 2.0) 0.8 (0.5 to 1.3) 1.1 (0.7 to 1.6) 0.96

Cancers not related to smoking (n=39) 0.3 (0.2 to 0.7) 0.3 (0.2 to 0.7) 0.4 (0.2 to 0.8) 0.4 (0.2 to 0.8) 0.3 (0.2 to 0.7) 0.66

Cancers related to smoking (n=64) 0.6 (0.3 to 1.0) 0.5 (0.3 to 0.9) 0.9 (0.6 to 1.4) 0.4 (0.2 to 0.7) 0.7 (0.4 to 1.2) 0.78

Causes other than cancer (n=270) 2.9 (2.3 to 3.7) 2.3 (1.7 to 3.0) 3.2 (2.6 to 4.0) 2.7 (2.1 to 3.5) 2.5 (1.9 to 3.2) 0.56

Table 4 Crude death rates per 1000 person years (95% confidence intervals) in women in each fifth of distribution of energy intake,
1 being lowest

Cause of death

Fifth of distribution

P value1 2 3 4 5

All causes (n=243) 2.6 (2.0 to 3.4) 2.6 (2.0 to 3.4) 2.1 (1.6 to 2.8) 2.0 (1.5 to 2.7) 1.9 (1.4 to 2.5) 0.13

All cancers (n=100) 0.9 (0.6 to 1.3) 1.0 (0.7 to 1.5) 0.8 (0.5 to 1.3) 0.8 (0.5 to 1.3) 1.0 (0.7 to1.6) 0.48

Cancers not related to smoking (n=66) 0.5 (0.3 to 0.9) 0.8 (0.5 to 1.3) 0.4 (0.2 to 0.8) 0.6 (0.3 to 1.0) 0.8 (0.5 to1.3) 0.17

Cancers related to smoking (n=34) 0.4 (0.2 to 0.8) 0.5 (0.3 to 0.9) 0.5 (0.3 to 1.0) 0.3 (0.1 to 0.6) 0.2 (0.1 to 0.5) 0.49

Causes other than cancer (n=143) 1.7 (1.3 to 2.4) 1.6 (1.2 to 2.2) 1.3 (0.9 to 1.9) 1.2 (0.8 to 1.7) 0.8 (0.5 to 1.3) 0.01
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and cancer mortality was largely explained by
increases in cancers other than breast cancer. The haz-
ard ratio for energy intake on mortality from breast
cancer was 1.10 (0.89 to 1.36; P = 0.40), while for all
cancers other than breast cancer the hazard ratio was
1.21 (1.05 to 1.39; P = 0.008). The effect of the weight-
ings used to derive individual energy intake was exam-
ined by repeating these models with crude energy
intakes. The effects remained, though they were slightly
attenuated; for example, the hazard ratio for cancer not
related to smoking, both sexes combined, in models
where crude energy intake was entered was 1.15 (1.02
to 1.29; P = 0.028). The proportional hazards assump-
tions were found to be valid. Significant departures
from linear trends in the proportional hazards models
were not found; this is consistent with a broadly linear
association between energy intake and risk of cancer
across the range of energy intakes. Hazard ratios for
each fifth of energy intake for cancer not related to
smoking, both sexes combined, were as follows (lowest
fifth of energy intake as reference): 2nd fifth 1.53 (0.81
to 2.89); 3rd fifth 1.19 (0.57 to 2.46); 4th fifth 1.74 (0.83
to 3.64); highest fifth 2.54 (1.07 to 6.03). Lack of signifi-
cant departures from linearity were confirmed in poly-
nomial (Cox) regression models with energy intake
entered as a continuous variable. Hazard ratios for age
adjusted models including the whole sample were
similar to those where cases with missing values had
been excluded.

Discussion
This historical cohort study based on over 50 years’
follow up of 3834 subjects whose family dietary intake
was measured during childhood shows a positive
association between energy intake during early life and
later mortality from cancers other than those related to
smoking. An increased energy intake of 1 MJ/day was
associated with a 20% increased risk of mortality from
such cancer after adjustment for potentially confound-
ing effects of household expenditure, social class,
number of children, and Townsend deprivation score.
Energy intake is here expressed in terms of adult
equivalent levels. Intakes of individual subjects will
clearly have differed according to age. The equivalent
mean intakes for each age group and fifth of energy
consumption that can be derived from recorded family
intakes and the age specific intakes expressed in the
BMA weightings25 are shown in table 6. The age
specific values in the 3rd fifth are similar to those
quoted in the Department of Health’s 1991 diet refer-
ence values for food publication28—for example, for 4-6
year olds in MJ (kcal): 7.17 (1715) for boys and 6.46
(1545) for girls; 7-10 year olds 8.23 (1970) and 7.27
(1740); and 15-18 year olds 11.52 (2755) and 8.82
(2110).

Possible biases
Several aspects of the data and analysis must be
considered before the suggestion of any causative rela-
tion between energy intake in childhood and adult
cancer. The main deficiency of this study is that
individual childhood nutritional intake has been
derived from grouped family data. It is well known that
individual intakes, especially of children, may differ
markedly from the overall family diet. This problem
would be more relevant, however, if we were concerned
with the importance of specific dietary constituents,
particularly of vitamins and trace elements. Here we
were concerned primarily with relatively gross
differences in overall energy consumption, and the
weighted intake is more likely to reflect an individual
child’s experience. The possibility of bias arising from
the weightings used in deriving estimates of individual
intakes must be considered. This is not an important
consideration, however, as the key associations
remained when the effects of crude individual energy
intakes were examined; that these effects were
somewhat attenuated in relation to the weighted meas-
ures is to be expected as the crude intake values neces-
sarily represent less precise measures of exposure.

Data were missing for a number of the social
variables, and selection bias must therefore be consid-
ered as an explanation for the associations that
emerged in the multivariable models where these indi-
viduals were excluded. The similarity in hazard ratios
between the age adjusted models for the whole sample
and the models where cases with missing values had
been excluded, however, makes this bias unlikely.

The association was not seen when models were
unadjusted for social and economic variables but
emerged in the models adjusted for the range of social
and economic variables available. This result is to be
expected when the association between a childhood
exposure and later disease is strongly confounded by
socioeconomic status. Here, those with more deprived

Table 5 Hazard ratios (95% confidence intervals) from fully adjusted models of energy
intake as continuous variable on mortality per 1 MJ/day (239 kcal) adjusted for age,
household expenditure, social class, number of children, time since survey, and
Townsend score of district of last posting

Cause of death Age adjusted models Fully adjusted models

Both sexes (n=3834)

All causes 0.99 (0.96 to 1.02) 1.04 (0.99 to 1.09); P=0.11

All cancers 1.05 (0.99 to 1.11) 1.15 (1.06 to 1.24); P=0.001

Cancers not related to cancer 1.07 (0.99 to 1.15) 1.20 (1.07 to 1.34); P=0.001

Cancers related to smoking 1.02 (0.94 to 1.11) 1.09 (0.96 to 1.23); P=0.18

Causes other than cancer 0.96 (0.92 to 1.0) 0.99 (0.93 to 1.05); P=0.71

Men (n=1895)

All causes 0.99 (0.95 to 1.04) 1.03 (0.97 to 1.09); P=0.33

All cancers 1.04 (0.96 to 1.13) 1.13 (1.01 to 1.27); P=0.03

Cancers not related to cancer 1.06 (0.94 to 1.20) 1.24 (1.03 to 1.49); P=0.025

Cancers related to smoking 1.03 (0.93 to 1.14) 1.08 (0.93 to 1.25); P=0.31

Causes other than cancer 0.98 (0.93 to 1.02) 0.99 (0.93 to 1.07); P=0.87

Women (n=1939)

All causes 0.98 (0.94 to 1.03) 1.06 (0.98 to 1.14); P=0.16

All cancers 1.05 (0.98 to 1.13) 1.16 (1.03 to 1.30); P=0.011

Cancers not related to cancer 1.08 (0.99 to 1.17) 1.18 (1.03 to 1.35); P=0.015

Cancers related to smoking 1.01 (0.88 to 1.16) 1.11 (0.89 to 1.39); P=0.34

Causes other than cancer 0.93 (0.87 to 1.0) 0.98 (0.88 to 1.09); P=0.68

Table 6 Age specific mean energy intakes in MJ/day (kcal/day) according to fifth of
distribution of energy intake, 1 being lowest

Age group
(years)

Fifth of distribution

1 2 3 4 5

<1 2.65 (633) 3.23 (772) 3.64 (872) 4.05 (968) 4.75 (1137)

1-3 3.70 (886) 4.52 (1081) 5.10 (1221) 5.66 (1355) 6.65 (1592)

4-9 5.82 (1393) 7.10 (1698) 8.02 (1919) 8.90 (2130) 10.45 (2501)

10-14 7.59 (1815) 9.25 (2213) 10.45 (2500) 11.60 (2775) 13.62 (3259)

15-20 8.11 (1941) 9.89 (2367) 11.12 (2674) 12.41 (2969) 14.58 (3487)

Women >20 7.32 (1751) 8.93 (2136) 10.09 (2413) 11.19 (2678) 13.15 (3146)

Men >20 8.82 (2110) 10.76 (2573) 12.15 (2907) 13.49 (3227) 15.84 (3790)
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childhoods had in general lower energy intake and
higher subsequent mortality; only when these oppos-
ing influences were separated by adjustment could any
association between individual childhood energy
intake and later mortality be examined. A similar trend
was seen in the Whitehall study, in which the positive
association between height and mortality from
malignant neoplasms emerged only after adjustment
for employment grade.14 The limited ability of
multivariable methods to control for confounding29

means that the true association is likely to be stronger
than that found here.

The case that the association seen here is not to be
explained by bias or confounding is strengthened by its
specificity. The effect of childhood energy intake on
later mortality from cancer was seen only for cancers
not related to smoking. One would expect no strong
association between childhood energy intake and can-
cers ascribable to smoking as the deleterious effects of
tobacco would probably mask any effects of diet, and
adult smoking shows no independent association with
childhood social class in a study based on a cohort
growing up at this same time period.30

Influence of method of assessment of nutrition in
childhood
We know of no other study based on the long term fol-
low up of a cohort for which dietary intake was
collected at the outset. The fundamental limitations to
other human studies in this area stem from the use of
dietary information that is ecological or gathered by
recall or from the use of adult anthropometry as a
proxy for early nutrition. There are three main
problems with use of height as a proxy for childhood
nutrition. Firstly, the effects of dietary restriction in ani-
mal models can be found in the absence of growth
retardation.31 32 Secondly, there seems to be a threshold
effect in the relation between height and some aspects
of risk of cancer.7 The association between stature and
breast cancer found in black women in the United
States33 is consistent with there being a stronger
height-disease relation in populations where achieved
height may be influenced more by relative nutritional
deprivation than by genetic potential. Similarly in a
study of 23 831 Norwegian women the positive associ-
ation between breast cancer and height was stronger
among the younger women.34 These women had expe-
rienced their stage of maximum adolescent growth
during the war years, when there was much greater
nutritional diversity, including considerable undernu-
trition. It may not be possible to study an association
between energy intake as expressed in achieved height
and later cancer when nutritional intake is sufficient for
all subjects to grow to their genetic potential. Thirdly,
both height and later cancer may be subject to
influence by infection—for example, by Helicobacter
pylori.

The association between childhood diet and later
cancer was seen in relation to overall energy intake.
This is consistent with animal evidence, where energy
restriction, rather than individual component restric-
tion without energy restriction, is the key intervention
delaying death from neoplastic disease.3 35 The
evidence presented here suggests that the effect on
incidence of cancer operates within the normal range
of energy intakes. This is also consistent with the

animal evidence, where positive effects on longevity
and delayed onset of tumour are also found with mod-
erate levels of dietary restriction.32

Various mechanisms have been suggested for the
effects of dietary restriction on carcinogenesis. Dietary
restriction also retards cell proliferation during
development as well as cell renewal in most organs at
later stages, thus potentially reducing the chance of
genetic changes arising from carcinogens or active
oxygen species.5 Other possible mechanisms include
more vigorous immune responses in the dietary
restricted organism and the reduced oncogene expres-
sion seen in energy restricted animals.36 37

Conclusions
The association found here between childhood energy
intake and later cancer is consistent with the animal
evidence that energy restriction reduces mortality from
cancer and the association between height and human
cancer. These findings imply that higher levels of
energy intake in childhood increase the risk of the later
development of cancer. It will be important to collect
morbidity and mortality data from other cohorts for
which data on childhood diet were gathered. If these
findings are replicated in such cohorts the public
health implications with respect to optimal childhood
nutrition, particularly in the context of current
concerns about excess childhood intake in relation to
exercise levels,38 will be profound.
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Cross sectional longitudinal study of spot morning urine
protein:creatinine ratio, 24 hour urine protein excretion
rate, glomerular filtration rate, and end stage renal failure
in chronic renal disease in patients without diabetes
Piero Ruggenenti, Flavio Gaspari, Annalisa Perna, Giuseppe Remuzzi

Abstract
Objective: To evaluate whether the protein:creatinine
ratio in spot morning urine samples is a reliable
indicator of 24 hour urinary protein excretion
and predicts the rate of decline of glomerular
filtration rate and progression to end stage renal
failure in non-diabetic patients with chronic
nephropathy.
Design: Cross sectional correlation between the ratio
and urinary protein excretion rate. Univariate and
multivariate analysis of baseline predictors, including
the ratio and 24 hour urinary protein, of decline in
glomerular filtration rate and end stage renal failure
in the long term.
Setting: Research centre in Italy.
Subjects: 177 non-diabetic outpatients with chronic
renal disease screened for participation in the
ramipril efficacy in nephropathy study.
Main outcome measures: Rate of decline in filtration
rate evaluated by repeated measurements of

unlabelled iohexol plasma clearance and rate of
progression to renal failure.
Results: Protein:creatinine ratio was significantly
correlated with absolute and log transformed 24 hour
urinary protein values (P = 0.0001 and P < 0.0001,
respectively.) Ratios also had high predictive value for
rate of decline of the glomerular filtration rate
(univariate P = 0.0003, multivariate P = 0.004) and end
stage renal failure (P = 0.002 and P = 0.04). Baseline
protein:creatinine ratios and rate of decline of the
glomerular filtration rate were also significantly
correlated (P < 0.0005). In the lowest third of the
protein:creatinine ratio ( < 1.7) there was 3% renal
failure compared with 21.2% in the highest third
( > 2.7) (P < 0.05).
Conclusions: Protein:creatinine ratio in spot morning
urine samples is a precise indicator of proteinuria and
a reliable predictor of progression of disease in
non-diabetic patients with chronic nephropathies and
represents a simple and inexpensive procedure in
establishing severity of renal disease and prognosis.
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