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The distribution of nutrient intake within families

By MICHAEL NELSON*

MRC Environmental Epidemiology Unit, Southampton General Hospital,
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1. During 1978 and 1979, the 343 members of seventy-nine families representative of households with two adults
and two or three children living in Cambridge, England, completed 7-d records of food consumption using the
semi-weighed technique. Nutrient intakes were calculated using food composition tables.

2. Amongst males, the average intakes of energy and most nutrients were highest in men and boys aged 11-17
years, and lowest in boys under 5 years. Amongst females, intakes were highest in girls aged 11-17 years, and
lowest in those under 5 years. At each age, intakes in males were generally higher than those in females.

3. Nutrient distribution within families was described using the ratio, intake of each subject: intake of the male
head of the household. The problems inherent in using this ratio are discussed.

4. The distribution of nutrient intakes within the families was not in accordance with the recommended daily
amounts (RDA). Men and young boys received more than their fair share of the family diet, while women and
girls aged 5-17 years received less.

5. Estimates of dietary adequacy based on the averages of family consumption and requirements (RDA)
concealed up to twofold variations in the adequacy of diet of different age-sex-groups.

6. The interpretation of dietary adequacy in household food surveys should take into account the distribution
of nutrient intakes within the household, as the distribution may be substantially different from that predicted
by the RDA.

Studies of family food consumption such as the National Food Survey (NFS) (Ministry
of Agriculture, Fisheries and Food, 1984) give no indication of how nutrients are distributed
within families. Yet it is known that men often receive more than their “fair share’ of food,
and estimates of the average adequacy of family diets have been shown to conceal systematic
variations in the adequacy of the diets of particular subgroups (husbands, wives, teenage
children, etc.) (den Hartog, 1972; Ferro-Luzzi et al. 1981). Knowledge of nutrient
distribution within families is therefore vital to the interpretation of family-diet studies.
Earlier this century, the distribution of energy intakes within families was described in
terms of man-values (Medical Research Committee, 1917 ; Medical Research Council, 1924;
Paton & Findley, 1926; Cathcart & Murray, 1931a; British Medical Association, 1933).
A man-value was defined as the ratio, intake in a particular age-sex-group: intake in adult
males (United States Department of Agriculture, 1900). However, there were a number of
weaknesses in describing the distribution of nutrient intakes in this way, the most important
of which was that man-values were, by definition, dependent on the man’s intake. It was
recognized that the intake of a miner’s wife relative to her husband was proportionately
much less than that of a clerk’s wife relative to her husband (Cathcart & Murray, 1931 5).
Researchers did not have the necessary information to standardize man-values for men’s
occupation, level of activity or age, and this led to the publication of a bewildering variety
of values and age-groupings which revealed the uncertainty about their proper derivation.
More recent studies of nutrient distribution within families have simply reported the
measured intake according to age and sex (Hitchcock & Gracey, 1978) or have expressed
the relative adequacy of the diets of family subgroups in terms of recommended dietary
allowances (Valenzuela et al. 1979; Florencio & Aligaen, 1980; Ferro-Luzzi et al. 1981).
The aim of the present paper is (a) to describe the nutrient intake and distribution in

* Present address: Department of Nutrition, King’s College London (KQC), Campden Hill Road, London
W8 TAH.

ssald Assanun abpuquied Ag suljuo paysiignd #£00986 LNIG/6£01°01/b10"10p//:sdny


https://doi.org/10.1079/BJN19860034

268 M. NELSON
Table 1. Number and mean age of individuals in eight age—sex-groups in seventy-nine
Cambridge families
Age-group (years). .. 18 and over 11-17 5-10 Under §
Sex. .. 3 Q 3 Q 3 Q 3 Q
No. 79 79 27 26 34 38 36 24
Mean age (years) 355 329 140 13-1 77 7-6 2:0 2:6

seventy-nine Cambridge families all of whose 343 members completed 7-d records of food
consumption, (b) to examine patterns of consumption within these families, and (c) to
compare the estimated adequacy of the average family diet with the adequacy of the diets
of groups of like individuals within the families.

METHODS
Sample selection

Two groups of volunteer families were recruited through local schools and health visitors
in 1978. The first group consisted of families from social classes I, II and III manual and
non-manual, while the second consisted of large families (up to five children) on low incomes
from social classes III manual, IV and V (Office of Population Censuses and Surveys, 1971).
A final study in 1979 was based on a random sample of 722 households selected from the
electoral register in Cambridge. Following a letter of introduction, this sample was screened
for households with two adults and two or three children. The range of houschold
composition was restricted in order to provide sufficient information on households of a
defined composition. Further details of sample selection and cooperation are given in a
previous paper (Nelson et al. 1985).

For the study of nutrient distributions within families, it was necessary that all individuals
maintained their regular eating habits throughout the survey, and that no-one was ill. Of
the eighty-two families originally selected, three were excluded because the man was ill or
on a short-term reducing diet. In three other families the women were on long-standing
reducing diets, and these families were retained for the present calculations.

Each family consisted of one man and one woman aged between 18 and 57 years, and
two or three children aged between 0 and 17 years. None of the infants was being breast-fed.
Because of the small number of children at each year of age, it was necessary for purposes
of analysis to group the children into three categories: preschool (0-4 years), young
school-age (5-10 years), and adolescent (11-17 years). The sample composition is given in
Table 1.

Food consumption records

Families kept records of each individual’s food consumption over seven consecutive days
using the semi-weighed method (Nelson & Nettleton, 1980), in which total family intakes
were weighed, while the intake of each individual was based primarily on household
measures, which were quantified for each family. The housewife was also asked to record
recipes of home-cooked dishes and the weights of prepared vegetables served to the entire
family. The consumption of all food eaten at home and away from home was recorded,
including the consumption of alcoholic beverages, soft drinks, and sweets.

Nutrient intakes were calculated primarily using the computer version of McCance and
Widdowson’s food composition tables (Paul & Southgate, 1978), supplemented with
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calculations from recipes of the nutrient content of an extra eighty-five dishes (Wiles ez al.
1980). Analytical values were obtained for a limited number of other foods not listed in
the food tables.

Nutrient distribution
The distribution of nutrient intakes within families was described using two measurements:
(1) man-values: the man-value of a particular age—sex-group for a given nutrient was defined
as the average intake in that group divided by the average intake in adult males;
(2) family-values: the estimated nutrient intake of each family member was divided by the
intake of the male head of household. The family-value was defined as the average of these
values in a particular age—sex-group.
By definition, the man-value and family-value of adult males is equal to unity.

Dietary adequacy

The adequacy of each individual’s nutrient intake (%, RDA,) was calculated by dividing the
estimated nutrient intake, based on the 7-d semi-weighed record, by the recommended daily
amount (RDA) (Department of Health and Social Security, 1979) appropriate for that
person’s age and sex, and mutiplying by 100. The average adequacy of diet in each age-sex
group (7, RDA,) was equal to the mean of the values for % RDA; in that group. The
adequacy of each household’s diet was equal to the sum of the measured intakes of the family
members divided by the sum of their RDA multiplied by 100. The average adequacy of
the household diets, 9, RDA,,, was equal to the sum of the values for the dietary adequacy
of each household divided by the total number of households.

This study was approved by the Ethical Committee of the MRC Dunn Nutrition Unit,
Cambridge.

RESULTS
Nutrient intakes by age and sex

The average daily intakes of energy and eleven nutrients in eight age—sex-groups are given
in Table 2. Amongst males, intakes were highest in men for all nutrients except thiamin
and dietary fibre, for which intakes were as great or greater in boys aged 11-17 years. Boys
under 5 years had the lowest intakes. Amongst females, girls aged 11-17 years had the
highest nutrient intakes except for retinol equivalents, riboflavin and ascorbic acid, for which
intakes were higher amongst women. Girls under 5 years had the lowest intakes. Within
each age-group, intakes were generally higher in the males than in the females, but there
were exceptions, for instance retinol equivalents and ascorbic acid in those aged 11-17 years
and under 5 years.

Man-values and family-values
The average man-values and family-values for energy intakes in eight age-sex-groups in
the seventy-nine families were calculated as described above and the results are shown
in Table 3. Family-values were on average between 1 and 6 percentage points larger than
the man-values, that is, there was less divergence in intakes within families than in the
population as a whole. This suggests that to some extent families contained all big caters
or all small eaters, and this can readily be shown.

Subjects within each age-sex-group were classified into thirds of the distribution of energy
intake. There was a tendency for members of the same family to occupy the same third
in their respective distributions of intake.

For example, of the twenty-six women in the top third of the distribution, eleven (429)
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Table 2. Mean measured daily intakes of energy and eleven nutrients in 343 individuals in
seventy-nine Cambridge families, according to age and sex
(Mean values with their standard errors)

Age-group (years)... 18 and over 11-17 5-10 Under 5
Sex. .. ) ? 3 ? 3 ? 3 ?
Nutrient n... 9 79 27 26 34 38 36 24
Energy (MJ) Mean 11-87 8-06 10-20 893 8-27 7-06 576 5-56
SE 0-34 0-21 0-33 0-30 029 0-20 0-28 0-20
Protein (g) Mean 89-4 63-4 70-2 64-0 59-2 489 44-4 38:5
SE 2-4 1-6 2:4 2-6 2-8 12 2:0 2:5
Fat (g) Mean 1237 87-5 104-3 95-4 84-4 71-1 60-9 560
SE 3-8 2-5 3-8 40 38 2-2 28 2:0
Carbohydrate (g) Mean 3304 2237 3139 267-1 2564 2228 17117 1775
SE 97 77 11-3 89 9-2 7-6 10-0 72
Calcium (mg) Mean 1130 864 944 879 907 762 779 646
SE 40 33 52 50 58 29 42 38
Iron (mg) Mean 139 10-0 11-8 10-5 9-4 7-6 62 7-1
SE 0-4 0-3 0-6 0-4 0-4 03 03 0-8
Retinol equivalents Mean 2102 1530 1026 1236 975 905 639 644
(#8) SE 170 100 93 160 51 69 53 50
Thiamin (mg) Mean 1-32 0-97 1-42 113 1-21 0-94 080  ©76
SE 0-04 0-03 0-10 0-04 0-05 0-04 0-04 0-06
Riboflavin (mg) Mean 2:20 1-67 1-96 1-56 1-90 1-46 1-51 1-26
SE 0-08 0-07 0-12 0-10 0-11 0-06 0-08 0-09
Nicotinic acid Mean 387 265 317 27-4 26:6 21-5 177 15-8
equivalents (mg)  SE 30 2-1 4-4 37 32 2:5 2:0 2:0
Ascorbic acid Mean 55-6 52:2 467 49-5 376 320 28-1 340
(mg) SE 2-4 4-4 54 47 34 2:4 32 54
Dietary fibre (g) Mean 177 13-2 177 16-3 14-8 12-2 81 88
SE 0-7 0-5 1-0 09 0-8 0-5 0-7 10

Table 3. Man-values and family-values for energy intakes in eight age—sex-groups in
seventy-nine Cambridge families

Age-group (years). .. 18 and over 11-17 5-10 Under 5
Males (n) 79 27 34 36
Man-values 1-00 0-86 0-70 0-48
Family-values Mean 1-00 091 073 0-50
SE 0 0-04 0-03 0-03
Females (n) 79 26 38 24
Man-values 0-68 075 0-60 0-47
Family-values Mean 0-70 0-81 0-61 0-48
SE 0-02 0-04 0-03 0-02

Man-value, intake in a particular age-sex-group + intake in adult males.
Family-value, estimated nutrient intake of each family member + intake of the male head of the household.

were in families where the men were in the top third of their distribution. Only three (12%)
of the women in the top third were in families where the men were in the bottom third.
A similar concordance was seen for women and men in the bottom thirds of their respective
energy distributions, and for children and men in the top and bottom thirds. The observed
association of subjects in the extreme thirds within families was highly significant (y* 21-019,
P < 0-001).
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Table 4. Average family-values for energy in eight age—sex-groups, calculated according to
the position of the male head of household in the top, middle or bottom third of energy intakes
for men in seventy-nine Cambridge families

(Mean values with their standard errors)

Men’s energy intakes

(MJ/person per d) Age-group
(years). . 18 and over 11-17 5-10 Under 5§
Third of
intake Mean SE Sex. .. 3 Q 3 Q 3 Q g Q
Top 14-95 0-47 Mean 1:00 058 075 068 05 047 041 041
SE 0 003 005 006 003 002 003 002
Middle 11-46 0-12 Mean 1-00 072 089 075 074 062 051 046
SE 0 0-03 005 004 004 003 005 003
Bottom 9-22 0-18 Mean 100 081 104 095 084 079 060 057
SE 0 004 008 005 004 005 004 003
No. of subjects:
Top — 26 26 8 7 11 13 15 8
Middle — 27 27 8 9 10 16 10 8
Bottom —_ 26 26 11 10 13 9 11 8

Family-value, estimated nutrient intake of each family member + intake of the male head of the household.

The differences between man-values and family-values were small compared with the
differences in family-values between households in which the men were in different thirds
of the distribution of energy intake. Table 4 shows the association between family-values
for energy and the rank of men’s intakes. In every age- and sex-group, the family-values
were lowest where men were in the top third of energy intake and highest where men were
in the bottom third. In the age- and sex-groups for children, subjects were grouped
according to the position of the male head of the household, hence the unequal numbers
in the “thirds’ in these groups.

Family-values for different nutrients

The average family-values for energy and thirteen nutrients in eight age-sex-groups are
given in Table 5. Values for older children aged 11-17 years were generally higher than those
for women and younger children. Within each group, males had higher values than females
except for retinol, carotene, ascorbic acid and dietary fibre. The family-values for protein
were lower than for energy for all groups except women, and males under 5 years; those
for iron were less than for energy for children aged 11-17 years old and girls aged 5-10
years. Because of the difficulties involved in measuring individual intakes of retinol and
carotene accurately, the family-values for these nutrients may not be very reliable.

Dietary adequacy

The values for estimated adequacy of diet in each age—sex-group (7, RDA,) and in all
households (3, RDA,) are shown in Fig. 1. Overall, the intakes of men, boys aged 0-10
years, and girls under 5 years were more adequate than intakes in the other groups. The
adequacy of intake of males in each age-group was usually greater than that of females.

Although %, RDA, was very nearly equal to the average adequacy of diet in all subjects,
it did not reflect the range of estimated dietary adequacy in different age-sex-groups. For
example, 9, RDA,, for energy was 98. However, the adequacy of energy intakes in men (108)
and boys under 5 years (106) was significantly greater than 9, RDA,, and in women (89),
boys aged 11-17 years (90) and girls aged 5-10 years (90) was significantly less (two-tailed
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Fig. 1. Estimates of the average adequacy of intakes of nine nutrients in seventy-nine Cambridge families
(%% RDA,) and in 343 family members classified in eight age-sex-groups (%, RDA,). Values are means
with 1-0 sE of % RDA, represented by vertical bars. (——), % RDA,; (~-—-), 1-0 s of %, RDA,,.
Significance of difference between %, RDA;, and % RDA, (two-tailed unpaired ¢ test): * P < 0-05,

** P < 0-01, ¥** P < 0-001.
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unpaired ¢ test). The adequacy of Fe intakes in the households was also 98, but the variation
in the subgroups was much greater than that for energy, ranging from 71 in females aged
5-10 years to 140 in men. The 9, RDA, concealed an almost twofold difference in dietary
adequacy within households. A twofold difference in the adequacy of the diets in the
subgroups was also observed for calcium, retinol equivalents and riboflavin.

DISCUSSION

This s the second report to describe the pattern of nutrient intake as measured within British
families. The first report (Cathcart & Murray, 1931a) was based on only five families and
used methods of dietary assessment which were inadequately described.

Assessing nutrient distribution
The levels of average nutrient intake shown in Table 2 agree well with other recent reports
on intakes in Britain based on quantitative measurements of food consumption (Nelson
et al. 1985). Of course it is possible that the time-consuming task of recording food intake
could have resulted in an underestimate of nutrient intake, both in this and numerous other
studies. However, it is not clear in what ways such an underestimate would bias the results
concerning nutrient distribution.

Family-values are more appropriate than man-values for describing nutrient distribution
within families. Man-values are the ratios of intakes of groups of individuals and describe
nutrient distribution in the sample as a whole. Family-values, on the other hand, are
averages of the ratios of intakes of individuals and take into account the relative ranking
of individuals. They describe more accurately than man-values the patterns of consumption
within households where ‘big’ eaters or ‘small’ eaters tend to be clustered. Both man-values
and family-values, however, suffer from sources of bias in their derivation.

The most important of these biases are the mean and the extent of variation of men’s
intakes. Higher means are associated with lower distribution values and vice versa
(Table 4). The means (and distribution values) will be influenced by age, occupation, activity
and income, and it may be possible to construct an extensive array of values which take
into account the effect of these influences separately or together.

The accuracy of the family-values (more so than the man-values) depends on the accuracy
of the measurements of individual intakes. It has been shown (Nelson, 1983) that at each
year of age a 1-week record of food consumption was adequate to classify three-quarters
of the subjects into the correct extreme thirds of the distribution of intakes of most nutrients
(except retinol) and that less than 3% of individuals were misclassified into the opposite
third. This implies that the calculated family-values are reliable, but the exact size of the
within-subject variation in family-values could not be calculated with the available
information. To do so would have required a second week of recording from the Cambridge
families which was not possible in the present study.

Finally, some of the apparent clustering of ‘big’ or ‘small’ eaters in the same household
shown by family values may be due to method bias, in that households which found the
recording difficult may have consistently underestimated all their members’ intakes. The
extent of this bias could not be quantified.

There were substantial differences between the family-values for energy and other
nutrients although relatively few of these differences reached statistical significance
(Table 5). It was apparent that most nutrients had a distinct pattern of distribution which
reflected differences in the nutrient densities of the diets in the different groups. In general,
the values for most nutrients were greater than those for energy, indicating that the average
nutrient density of the diets of women and children was greater than that of the men
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Table 6. Average family-values (a) measured and (b) calculated using the recommended daily
amounts (RDA) for energy and six nutrients in eight age—sex-groups in seventy-nine
Cambridge families

Age-group (years)... 18 and over 11-17 5-10 Under 5
Sex. .. 5} ? 3 ? 3 ? 3 ?
Nutrient n... 79 79 27 26 34 38 36 24
Energy Measured 1-00 0-70*** 0-91**  0-81 073 0-61*** 0-50 0-48
RDA 1-00 0-83 1-03 0-82 0-74 0-72 0-50 0-51
Protein Measured 1-00 0-73*** (-84*%** (.77 0-69 0-56*** 0-52 0-43*
RDA 1-00 0-83 1-03 0-82 0-74 0-71 0-49 0-49
Calcium Measured 1-00 0-81%**  (-86%** (-82%** (-83*** ().7[*** ().8]**¥* ().64%**
RDA 1-00 1-00 1-37 1-40 1-21 1-20 1-20 120
Iron Measured 1-00 0-75%%%  (-87+¥* (. T7**k ()T8***  ().58%k*  ().52%%k  ().50%x
RDA 1-00 1-20 1-20 1-20 1-00 1-00 0-70 070
Thiamin Measured 1-00 0-77%** 1-07 093 1-03*** 0-74 0-67*** 0-57
RDA 1-00 0-90 1-08 0-86 0-78 0-74 0-52 0-54
Riboflavin Measured 1-00 0-80 095 0-81 0-93*** (.71 0-78%**  (-60**
RDA 1-00 0-81 0-88 0-88 0-62 0-62 0-38 0-44
Ascorbic acid Measured 1-00 1-09 0-80 0-88 0-80 062 0-74 0-72
RDA 1-00 1-00 0-87 0-83 0-67 0-67 0-67 0-67

Family-value, estimated nutrient intake of each family member + intake of the male head of the household.
Significance of differences between measured and RDA family-values (two-tailed unpaired ¢ test): * P < 0-05,
** P < 001, *** P < 0-001.

(as can be deduced from Table 2). These findings can often be explained in terms of known
eating habits. For instance, the raised family-values for calcium and riboflavin in children
aged 04 years reflect their high consumption of milk. High values for thiamin and dietary
fibre in boys aged 5-10 years are explained by high consumption of bread and of fibre-
rich, vitamin-fortified breakfast cereals. The high carotene and ascorbic acid values for
women reflect a high fruit and vegetable consumption relative to other family members.

The notably low values for protein and Fe were due largely to the men’s habit of
consuming more than their ‘fair share’ of meat, a major source of both protein and Fe.
Men ate 35% of the total amount of beef and sausages consumed during the survey, but
their requirements for protein and Fe (Department of Health and Social Security, 1979)
were only 299/ and 229/ respectively, of the total sample requirements.

Assessing dietary adequacy

Man-values were originally intended to provide the means to assess the adequacy of family
diets (Cathcart & Murray, 1931 5). The sum of the values of family members gave the number
of ‘man-equivalents’ in each household. The estimated nutrient content of the household
diet was divided by the number of man-equivalents to yield estimates of nutrient intake
per ‘man’. The adequacy of household diets was assessed by comparing the intake per “‘man’
with the estimated nutrient requirement of an adult male. This technique was superceded
by one in which the sum of the recommended daily allowances of family members is
compared with the nutrient contents of the household diet (allowing for meals not eaten
at home, waste, etc.). Neither of these techniques addresses a fundamental question in
family-diet studies: is the average adequacy of household diets a good measure of the
adequacy of the diets of groups of like individuals within those households?

InFig. 1, the 9%, RDA, for energy is within 109, of %, RDA,,. This variation may be within
the limits of error for measuring intake and estimating energy requirements in small groups,

10-2
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and may not be of physiological importance. By contrast, the differences in 9, RDA, for
Fe probably do have physiological significance (Monsen ef al. 1978), but this was masked
by the % RDA,.. This masking occurred because the observed pattern of nutrient distribu-
tion was different from that predicted by the RDA. Both patterns are shown in Table 6.
The RDA ‘family-values’ for energy, protein, calcium and Fe were higher than the
measured values in most groups. Conversely, the RDA family-values for thiamin, riboflavin
and ascorbic acid were mostly lower than the measured values. These differences suggest
that for certain nutrients the 9%, RDA, may be a poor measure of dietary adequacy
because it cannot reveal important variations in adequacy in the subgroups of the
sample.

Apart from energy and Fe, the nutrient intake of all the age—sex-groups reached or
exceeded the RDA. Yet the pattern of intake (in terms of the RDA) was similar to that
in studies where energy and nutrient intakes have fallen below the RDA (Hitchcock &
Gracey, 1978; Valenzuela et al. 1979; Florencio & Aligaen, 1980; Ferro-Luzzi ef al. 1981):
men had the most adequate diets, followed by preschool boys or (in some instances) wives,
with girls between the ages of 5 and 17 years generally having the least-adequate diets. 1t
is of interest that such patterns persist regardless of the level of intake.

It is theoretically possible to use family-values to predict the distribution of intake within
families and thence the dietary adequacy in different age-sex-subgroups. Factors which
would influence distribution such as activity levels, food wastage, consumption of food by
visitors and the proportion of food obtained from outside the household food supply would
all need to be taken into account. The cost and difficulty of this exercise would be substantial.
But it is clear that the limitations of household food surveys (such as the NFS) need to
be addressed more directly than at present.
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