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This chapter, which describes the anthropometric data collected in the IUNS project, will cover
the following topics:

(i) the selection of variables;
(ii) measurement and standardisation procedures;
(iii) the derivation of variables;
(iv) limitations of the data; and
(v) distribution statistics for each variable.

These distribution statistics will be compared between project centres, with data reported from
the SENECA study, with unpublished data from the study made available by Dr Wijn A van
Staveren, with other reported data, and with some unreported data from China, Japan, New
Zealand and Australia.

13.1 THE SELECTION OF VARIABLES

The biological basis for the selection of the anthropometric variables was related to their
expected associations with food habits, health and well-being in the elderly. Weight was
included because it reflects the recent and present balance between energy intake and energy
expenditure and because weight and changes in weight in the elderly are related to mortality
rates [1-4]. Stature was included because it reflects genetic potential and nutritional status during
growth. In addition, stature is related to fat-free mass which is an index of protein stores [5].
Both weight and stature are related to percentage of body fat (caloric reserves) and to calcium
stores as indexed by total body bone mineral [6-8].

Weight can be adjusted for stature by calculating the body mass index (BMI = weight  /height2
(kg/m2)) which is related to percentage of body fat and to fat-free mass [9]. A major interest in
BMI values for the elderly concerns their relationships with mortality rates. These relationships
are close during follow-up intervals that begin in middle age but are less marked for intervals
that begin in old age [10-12]. These associations with mortality rates reflect:
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(i) relationships between BMI values and risk factors for cardiovascular disease
independently of the distribution of adipose tissue "fat patterns" [13];

(ii) possible reductions in immunocompetence in association with low amounts of fat-free
mass (FFM) [14-16]; and

(iii) an increased prevalence of falls and fractures associated with reductions in muscle
strength and bone density [17-19].

Waist and hip circumferences were measured to provide the waist-hip ratio (WHR) which is a
useful index of adipose tissue distribution [20]. In addition, waist circumference is related to the
amount of visceral adipose tissue, but it does not provide reasonably accurate predictions of the
amount of visceral adipose tissue [21].

The triceps skinfold thickness was included because it is closely related to percent body fat [9]
and, in association with arm circumference, it can be used to calculate arm muscle area or arm
muscle circumference. Although these indices overestimate the true values by amounts that
increase with adiposity [22-24], they are guides to protein stores and are related to mortality
rates in follow-up studies of the middle-aged [25,26].

13.2 MEASUREMENT AND STANDARDISATION PROCEDURES

The measurement procedures were, as far as practicable, standardised across the data collection
centres. All measurements were made by trained observers who followed the instructions in a
formal "Working Plan and Manual of Operations" that defined the procedures and the sequence
in which the variables should be measured. The measurement procedures match those used in the
SENECA Study [27] and those recommended by a North American Consensus Conference [28]
except as noted below. All measurements were made in duplicate and the means of paired values
were used in the analyses.

Stature was measured to be nearest 0.1 cm using a microtoise® attached to a wall. Each subject
stood on a horizontal platform without shoes and with the heels together and the head in the
Frankfort plane. The subject assumed his/ her full stature and inhaled deeply just before the
measurement was made. Weight was measured to the nearest 500 g with the subject wearing
light clothing, either fasting or after breakfast. In the SENECA Study, weight was measured after
breakfast with the subjects wearing light undergarments. Lohman et al. [28] recommended that
weight be measured to the nearest 100 g and adjusted for the weight of the clothing.

Triceps skinfold thickness was measured in the posterior midline of the arm, parallel to its long
axis, midway between acromiale and the olecranon. The site of measurement was marked on the
skin and the calliper jaws were placed on an elevated fold. After their full pressure was exerted,
the thickness was read to the nearest 0.2 mm using a Holtain calliper. Harpenden callipers were
used in the SENECA Study but data obtained with these two types of calliper are similar.
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For the measurement of waist and hip circumferences, the subject wore light clothing and stood
with their feet about 12 to 15 cm apart with the weight equally distributed between them. Waist
circumference was measured at the level of the umbilicus to the nearest 0.1 cm at the end of
normal expiration. Hip circumference was measured to the nearest 0.1 cm as the maximum
circumference over the buttocks usually at the level of the greater trochanters but not lower than
the pubic symphysis. In the SENECA Study, the waist measurements were made midway
between the lower costal margin and the iliac crest at the end of gentle expiration. Lohman et al.
[28] recommend that this measurement not be made over clothing, that an assistant ensure the
tape is horizontal, and that the tape does not indent the skin. They further recommend that the
measurement be made at the level of the natural waist or, if a waist narrowing cannot be
identified, at a level midway between the lower costal margin and the iliac crest.

Arm circumference was measured on the left side with the subject standing and the arm hanging
relaxed just away from the trunk. The circumference was measured at the same level as the
triceps skinfold to the nearest 0.1 cm without indenting the skin.

13.3 THE DERIVATION OF VARIABLES

The following variables were derived from the recorded values:

• body mass index BMI; weight/ height2 (kg/m2)
• waist/ hip ratio (WHR; waist circumference/ hip circumference);
• arm muscle area (AMA; cm2). This is calculated as AMA = [AC - 3.14 * (TSF / 10)]2 /

12.56 where AC is arm circumference (cm) and TSF is triceps skinfold thickness (mm).
• fat-free mass (FFM; kg). Predicted values were obtained using an equation of Deurenberg

et al [30]: FFM = 0.282*S + 0.395*W + 8.4*sex - 0.144*age - 23.6 where S = stature in
cm, W = weight in kg, sex = 1 for men and 0 for women, age in years.

• total body fat (TBF; kg) body weight - FFM.
• percentage body fat (%BF) = TBF/ 100 * body weight.

13.4 LIMITATIONS OF THE DATA

The cross-sectional design limits the interpretation of changes in data with increasing age. Any
differences between age groups within ethnic samples may reflect cohort effects, changes within
individuals and selective mortality. The available data do not allow these effects to be evaluated
separately. The sample sizes are small, especially for older men in the CTJ-R, CTJ-U and
GRK-S groups and ACA>80 yrs.

The predicted values for %BF were obtained using an equation that does not appear to have been
cross-validated [30], but, in the validation group the s.e.e. values were similar for each sex
(4.01% males; 3.74%, females). As shown by Deurenberg et al [30], predictions of body
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composition in the elderly are more accurate from a combination of bioelectric impedance
(resistance) and anthropometry than those from anthropometry alone but impedance
measurements were not obtained in all of the study centres. The values obtained by the use of
Deurenberg's equations must be evaluated with caution because there are considerable
differences between the populations from which the equations were derived and the populations
to which they have been applied.

13.5 WEIGHT

The sample sizes were very small for ACA and GRK-S men and women aged more than 80
years. The median weights for men aged less than 70 years in the CBJ and FIL groups were 65.0
and 55.7 kg respectively, while the medians for men aged 70-79 years ranged from 49.8 kg (FIL)
to 76.0 kg (SWE) and those for men older than 80 years ranged from 46.4 kg (FIL) to 73.5 kg
(GRK-M). In women aged less then 70 years, the median weights were 60.2 kg and 50.6 kg in
the CBJ and FIL groups respectively. In women aged 70-79 years, the medians for weight ranged
from 49.0 kg (CTJ-R) to 68.5 kg (GRK-M) and in women older than 80 years the medians
ranged from 41.0 kg (CTJ-R) to 62.0 kg (GRK-S) (Table 13.1).

Median weights were markedly larger for groups of European ancestry than for Oriental groups,
and they were also greater for men than women; these latter differences being large for both
younger and older SWE groups (15.7 and 12.6 kg respectively) and for the younger GRK-S
subjects (11.2 kg) but small for the FIL groups (<70 years, 5.1 kg; >70 years, 3.4 kg). In each
ethnic sample within a gender, the medians for the younger groups exceeded those for the older
groups. The differences between the medians for age groups of men in the same ethnic sample
varied from 1.0 kg (CBJ) to 8.2 kg (GRK-S) while those for women varied from 0.6 kg (SWE) to
8.0 kg (CTJ-R). The standard deviations were small in CTJ-R men and women and in ACA
women but relatively large in the GRK-M groups. These differences in standard deviations
remained after adjusting for the mean values.
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Table 13.1. Descriptive statistics for weight (kg).
Men Women

Groups and Ages N Mean SD Median N Mean SD Median
ACA 70-79 yr 41 74.8 9.8 76.8 36 66.8 8.8 67.4
ACA >80 yr 5 68.2 5.5 68.5 6 61.1 8.8 64.2
GRK-M 70-79 yr 64 76.4 11.0 75.0 59 68.9 11.3 68.5
GRK-M >80 yr 28 72.3 10.9 73.5 35 61.5 13.7 62.0
GRK-S 70-79 yr 26 75.7 13.8 74.7 20 64.8 10.6 63.5
GRK-S >80 yr 15 67.9 9.7 66.5 9 61.2 8.3 60.5
SWE 70-79 yr 51 76.9 10.4 76.0 75 62.5 12.0 60.3
SWE >80 yr 19 74.3 10.6 72.3 59 59.6 10.7 59.7
FIL <70 yr 33 56.8 9.1 55.7 105 52.1 11.8 50.6
FIL >70 yr 40 51.4 11.3 49.8 94 46.6 11.3 46.4
CBJ <70 yr 79 66.7 11.2 65.0 124 61.9 12.5 60.2
CBJ >70 yr 43 63.1 9.2 64.0 53 55.1 9.0 55.5
CTJ-R 70-79 yr 73 54.7 7.1 54.0 79 48.2 8.9 49.0
CTJ-R >80 yr 10 47.1 7.6 46.5 19 42.9 8.6 41.0
CTJ-U 70-79 yr 107 65.9 10.1 65.0 102 55.3 11.4 55.0
CTJ-U >80 yr 19 61.3 9.7 61.5 32 52.1 10.4 51.0

13.5.1 Comparisons with reported data

In the SENECA Study of subjects aged 70-75 years [27], the mean weights for men range from
70.5 kg (Anogia, Archanes; Greece) to 78.2 kg (Culenborg; Netherlands) and those for women
range from 56.8 kg (Chateau Renault, Amboise; France) to 71.4 kg (Culenborg, Netherlands).
The SENECA means are higher than the means or medians for the IUNS Asian samples, but are
similar to those for the IUNS groups of European origin despite the slightly younger ages of the
SENECA subjects. In Table 13.2 and later tables of reported findings, data from groups with
fewer than 20 subjects have been omitted. Some comparisons are made difficult by the wide age
ranges in some earlier reports. The median weights for elderly men in groups of European
ancestry in the IUNS project are similar to reported values except that they are considerably
larger than values from Scotland [31] and they are smaller than the mean reported by Flynn et al
[32] for a US group. The reported mean and median weights for European and US women are
similar to the corresponding IUNS values for women of European ancestry except the SWE
women in the IUNS study, who had somewhat lower weights. Also, the means and medians
reported for women >80 years by Milne [31] for Scottish groups and by Montoye et al [33] for
US groups tend to be lower than IUNS data for groups of European ancestry at similar ages. The
differences between reported means for men and women range from 4.0 kg in one US group [33]
to 15.0 kg in another US group [34]. This is similar to the range of gender differences for weight
in the IUNS groups.

The gender difference in mean weight reported by Steen et al. [35] from a Swedish group aged
70 years (9.4 kg) is notably smaller than that for the SWE groups in the IUNS project (15.7 kg
for groups 70-79 years; 12.6 kg for groups aged >80 years). The differences in weight between
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younger and older groups of elderly subjects vary markedly among reports. Small differences
(0.4 kg) were noted for Scottish men [31],and some US women by Montoye et al. [33]. The
upper limits of the differences between means or medians for younger and older age groups are
similar between the IUNS data set and reported findings. The variability of these age differences
may reflect vagaries of sampling.
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Table 13.2. Reported data for weight (kg).
Men Women

Authors Age N Mean SD N Mean SD
(yr) (Median) (Median)

Rissanen et al. (1988, Finland) >70 150 71.5 11.9 226 66.7 11.9
Lowik et al. (1992, Netherlands)70-74 - - - 52 67.0 9.5
 (1985, Scotland) 70-79 73 66.9 12.0 101 62.3 12.3

>80 20 66.5 13.2 34 53.8 11.4
Steen et al. (1977, Sweden) 70 402 76.2 - 466 66.8 -
Montoye et al. (1965, US) 70-74 65 (73.3) - 74 (65.0) -

75-79 34 (69.4) - 42 (65.4) -
>80 25 (67.0) - 41 (54.8) -

Damon et al. (1972, US) 65-74 53 77.0 - - - -
Lee et al. (1981, US) 70-70.9 - - - 56 68.9 13.4
Shimokata et al. (1989, US) 70-96 201 (73.9) - 94 (61.0) -
Czajka-Narins et al. (1991, US)70-74 32 75.5 12.5 68 69.0 12.5

75-79 25 75.8 12.5 49 63.4 10.5
Flynn et al. (1992, US) 71-80 106 80.0 12.0 - - -
Chumlea et al. (1992, US) 67-92 41 75.0 11.7 63 60.0 10.7

Groups in which N < 20 have been omitted from this and following tables of reported data.

13.5.2 Discussion

Weight can be obtained with minimal errors of measurement and, although a non-specific
measure of total body size, it is related to the prevalence of some serious diseases and to
mortality rates in the elderly. These relationships are stronger if weight is adjusted for stature
using body mass index.

The interpretation of these and other IUNS data must take into account the cross-sectional design
of the study. Differences between age groups could be influenced by cohort effects (sampling),
changes within individuals and selective mortality. Cohort effects are more likely to be important
when the groups are small. A loss of weight is common in the elderly but this is not noted in
some groups, particularly if they are physically active [1,32,36-40]. Selective mortality would
affect the differences between age groups since weight is positively associated with survival in
the elderly [31,36]. Cohort effects and selective mortality could also influence the magnitude of
difference in median weights between genders.

13.6 STATURE

In the IUNS data, as shown in Table 13.3, the median statures for men <70 years in the CBJ and
FIL groups were 161.3 and 160.0 cm respectively while those for men aged 70-79 years ranged
from 157.7 cm (FIL) to 175.0 cm (SWE). The medians for men aged >80 years ranged from
161.0 cm (CTJ-R) to 173.0 cm (SWE). The medians for women aged <70 years in the CBJ and
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FIL groups were 155.3 and 148.1 cm respectively while those for women aged 70-79 years
ranged from 146.6 cm (FIL) to 161.0 cm (SWE) and those for women older than 80 years ranged
from 148.0 cm (GRK-S) to 157.0 cm (SWE), after excluding the estimate for the small sample of
GRK-S women in this age group.

Men were taller than women within the younger and older age groups for all IUNS samples. The
medians for men exceeded the corresponding medians for women by only 6.0 cm in the CBJ
groups aged <70 years. The medians for men aged 70-79 years exceeded those for women by
amounts that ranged from 6.8 cm (CBJ) to 15.5 cm (GRK-M) while the corresponding
differences for those aged >80 years varied from 11.0 cm (CTJ-R) to 16.0 cm (SWE). The
differences between the median statures for younger (70-79 years) and older (>80 years) age
groups varied markedly within each gender. For CBJ men, the median stature for those aged
70-79 years was slightly larger than that for the group aged <70 years. The remaining
comparisons showed smaller medians in the older groups with differences between age groups
(70-79 vs. >80 years) of 1.2 to 3.3 cm that did not vary systematically with gender. Values of the
standard deviation tended to be high in the ACA and GRK-M men and in the ACA , CTJ-R and
CTJ-U women, in the younger GRK-S women, and in the older FIL and GRK-M women. These
differences in variability were not due to variations between the means. These comments, as for
those on Table 13.6, do not relate to very small samples (ACA men and women >80 years and
GRK-S women >80 years).

13.6.1 Comparisons with reported data

In the SENECA Study, the mean statures for men range from 160 cm (Sabina Hills; Italy) to 173
cm (Culenborg; Netherlands) [27]. The SENECA means for women range from 146 cm (Vila
Franca de Xira; Portugal) to 160 cm (Culenborg; Netherlands). These ranges for subjects aged
70-75 years are similar to those for IUNS groups aged 70-79 years. The means for men from the
SENECA Study exceed those for women by amounts that range from 9.0 cm (Burgdorf,
Switzerland) to 16.0 cm (Hamme, Belgium and Yverdon, Switzerland). Many reported studies
are limited by small sample sizes, particularly for men in older age groups and the descriptive
statistics from some studies are for wide age ranges.

In Table 13.4, the mean and median statures in men for European and US groups are similar to
corresponding values for IUNS groups of similar ancestry. The reported means for men exceed
those for women by 12.2 to 15.0 cm for groups aged about 75 years and by 10.0 to 13.3 cm for
groups older than 80 years [35,41-44]. These gender-biased differences are similar to those in the
IUNS project. The reported means and medians for younger groups are larger than those for
older groups by 0.6 to 2.0 cm. This variation among reports could reflect the small sample sizes
in some studies.
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Table 13.3. Descriptive statistics for stature (cm).
Men Women

Groups and Ages N Mean SD Median N Mean SD Median
ACA 70-79 yr 41 169.9 7.2 170.0 36 159.1 6.3 158.0
ACA >80 yr 5 164.3 2.5 165.6 6 154.9 6.4 153.8
GRK-M 70-79 yr 64 165.2 6.4 165.5 59 149.8 5.3 150.0
GRK-M >80 yr 28 163.3 6.8 162.0 35 148.6 6.1 149.0
GRK-S 70-79 yr 26 165.9 6.2 164.5 20 151.3 5.7 151.5
GRK-S >80 yr 15 163.9 6.4 163.0 9 149.9 3.9 148.0
SWE 70-79 yr 51 174.1 5.7 175.0 75 161.2 4.8 161.0
SWE >80 yr 19 172.9 5.0 173.0 59 157.9 5.6 157.0
FIL <70 yr 33 159.7 6.1 160.0 105 148.8 5.6 148.1
FIL >70 yr 40 158.1 6.6 157.7 93 147.1 6.1 146.6
CBJ <70 yr 77 161.6 4.4 161.3 122 155.8 4.1 155.3
CBJ >70 yr 44 161.6 3.9 161.7 54 154.6 3.8 154.9
CTJ-R 70-79 yr 73 163.0 6.1 164.0 79 151.0 5.7 150.0
CTJ-R >80 yr 10 159.9 4.7 161.0 19 148.6 6.1 150.0
CTJ-U 70-79 yr 107 168.1 5.0 169.0 102 154.2 5.7 155.0
CTJ-U >80 yr 19 166.4 5.8 166.0 32 151.5 6.3 151.0
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Table 13.4. Reported data for stature (cm).
Men Women

Authors Age N Mean SD N Mean SD
(yr)(Median)(Median)

Rissanen et al. (1988, Finland)>70 150 167.6 5.4 226 155.0 6.0
Marquer and Chamla 70-74 89 163.0 5.5 - - -
(1961, France) 75-79 36 162.1 5.8 - - -

>80 32 160.5 5.7 - - -
Lowik et al. (1992, Netherlands)74 - - - 52 161.0 5.0
(1981, Scotland) 70-74 37 166.6 6.6 54 152.5 5.4

75-79 33 166.5 7.6 42 152.3 5.4
>80 - - - 26 151.9 7.2

(1985, Scotland) 70-79 73 166.2 7.0 101 153.4 5.5
>80 20 165.2 8.2 34 151.9 7.2

Karlberg & Mossberg
(1991, Sweden) 70-79 371 171.4 6.3 406 159.2 5.5
Steen et al. (1977, Sweden) 70 402 174.0 - 466 160.0 -
Damon et al. (1972, US) 65-74 53 172.0 - - - -
Lee et al. (1981, US) 70-79 - - - 56 158.0 7.0
Borkan et al. (1983, US) 70-79 43 171.6 6.9 - - -
Shimokata et al. (1989, US) 70-96 201 173.1 - 94 157.0 -
Frisancho (1990, US) 70-74.9 1257 170.6 6.8 1467 157.6 6.1
Czajka-Narins et al. (1991,US)70-74 32 171.0 8.8 68 157.0 8.0

75-79 25 170.0 8.6 49 155.0 5.0
80-84 - - - 35 154.0 4.0

Chumlea et al. (1992, US) 67-92 41 174.7 7.5 63 156.6 7.0
Flynn et al. (1992, US) 71-80 106 174.0 6.0 - - -

13.6.2 Discussion

In young or middle-aged adults, stature is an important index of nutrition and health during
growth. For corresponding reasons, stature is an important measure in the elderly; although
stature decreases with ageing to extents that differ among individuals. The occurrence of larger
median statures for groups aged 70-79 years than for groups older than 80 years in the IUNS
project could reflect cohort differences. The total secular trend for young adult stature,
comparing those born in 1904 with those born in 1914, which are the mid-points of the birth
years for the age groups considered, was about 3 cm in the Netherlands [45].

Corresponding estimates do not appear to be available for the ethnic groups included in the
IUNS project, but the secular changes were probably larger in the Netherlands than in most of
the IUNS ethnic groups. The differences between cohorts could also be due to sampling
variations, especially when the samples are small. Additionally, selective mortality could affect
the differences in stature between younger and older age groups because all-causes mortality
rates tend to be negatively related to stature [12,46]. These decreases in all-causes mortality with
increasing stature occur despite an opposite association between stature and the prevalence of
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breast cancer [47,48]. Since tall adults tend to have small BMI values, the decrease in mortality
rates with tall stature may be mediated through BMI [49].

The differences between age groups with mean ages of about 75 and 85 years may be influenced
by changes in stature within individuals. The reported mean decreases per decade in the elderly
range from 1.0 to 2.3 cm for men and from 1.0 to 2.9 cm for women [32,39,44,50-56]. These
decreases are mainly due to decreases in trunk length [42,56]. It has been suggested that losses in
stature with ageing are greater in developed countries than in developing countries [54] but this
is not supported by the IUNS data.

13.7 BODY MASS INDEX

The IUNS medians for body mass index (BMI) for ages <70 years were lower in the FIL group
than in the CBJ groups for each gender (Table 13.5). The median BMI values for those aged
70-79 years were smallest for the FIL subjects (20.0 kg/m2 men, 21.1 kg/m2 women) and largest
for the GRK-M men and women (28.1 and 30.0 kg/m2 respectively). For men older than 80
years, the median BMI values ranged from 18.8 kg/m2 (CTJ-R) to 27.2 kg/m2 (GRK-M) and for
women the medians ranged from 18.7 kg/m2 (CTJ-R) to 28.3 kg/m2 (GRK-M). There were only
small gender differences for most comparisons within age and ethnic groups but the differences
between medians exceeded 1.0 BMI units for the younger CTJ-R (<70 yr; >70 yr) and GRK-M
groups and for the FIL groups with men having the smaller medians but the medians for men
exceeded those for women in the younger SWE groups by 1.8 kg/m2.

When the medians for groups older than 80 years were compared, the medians for men were
smaller than those for women by 1.0 BMI units or more in the GRK-M and GRK-S groups. With
the exception of CTJ-U men and GRK-S women, in whom the values were almost the same for
both age groups, the medians were consistently larger for the younger groups than for the older
groups in each gender. The size of these differences between age groups did not appear to be
related to urban/rural residence or the degree of development of the country. The standard
deviations were small for the CTJ-R groups and relatively large for the CBJ groups and GRK-M
women. These differences remained after the standard deviations were adjusted for the means.
The standard deviations were generally larger for women than for men.

For some IUNS groups, BMI values were categorised and the percentage prevalence calculated
for each category (Table 13.6). These percentages show clearly the marked differences in the
prevalence of low values between ethnic groups - such values were common in the CTJ-R and
FIL groups; high BMI values were uncommon in these groups. In all groups, low values were
more common in older than younger groups and high BMI values were generally less common in
older groups than in younger groups.
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Table 13.5. Descriptive statistics for body mass (kg/m2).
Men Women

Groups and Ages N Mean SD Median N Mean SD Median
ACA 70-79 yr 41 26.0 3.4 25.8 36 26.4 3.1 26.5
ACA >80 yr 5 25.3 2.2 24.9 6 25.4 3.0 25.4
CBJ <70 yr 77 25.5 3.8 25.1 122 25.1 5.0 25.3
CBJ >70 yr 43 24.2 3.5 24.1 53 23.0 3.5 23.3
CTJ-R 70-79 yr 73 20.6 2.5 20.3 79 20.9 3.3 21.5
CTJ-R >80 yr 10 18.4 2.9 18.8 19 19.4 3.2 18.7
CTJ-U 70-79 yr 107 23.3 3.3 23.0 102 23.1 4.3 23.1
CTJ-U >80 yr 19 22.4 3.6 23.1 32 22.7 4.5 22.4
FIL <70 yr 33 22.4 4.1 22.3 105 23.5 4.7 23.4
FIL >70 yr 40 20.4 3.5 20.0 93 21.5 4.6 21.1
GRK-M 70-79 yr 64 28.0 3.6 28.1 59 30.7 5.1 30.0
GRK-M >80 yr 28 27.1 3.7 27.2 35 27.9 6.1 28.3
GRK-S 70-79 yr 26 27.4 4.4 27.4 20 28.3 4.5 27.7
GRK-S >80 yr 15 25.2 2.9 26.2 9 27.2 3.7 27.6
SWE 70-79 yr 51 25.4 3.2 24.9 75 24.0 4.4 23.1
SWE >80 yr 19 24.9 3.3 24.8 59 23.9 4.0 24.2
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Table 13.6. Percentage prevalence of particular body mass index values.
Men Women

Groups and Ages N Mean SD Median N Mean SD Median
ACA 70-79 yr 2.4 36.6 48.8 12.2 2.8 33.3 50.0 13.9
ACA >80 yr 0.0 60.0 40.0 0.0 0.0 50.0 50.0 0.0
CTJ-R 70-79 yr 41.1 54.8 4.1 0.0 35.4 51.9 10.1 2.5
CTJ-R >80 yr 70.0 30.0 0.0 0.0 63.2 31.6 5.3 0.0
FIL <70 yr 27.3 48.5 15.1 9.1 22.9 44.8 26.7 5.7
FIL >70 yr 47.5 42.5 7.5 2.5 44.1 37.6 11.8 6.4
GRK-M 70-79 yr 1.6 20.3 48.4 29.7 1.7 3.4 45.8 49.1
GRK-M >80 yr 3.6 28.6 39.3 28.6 8.6 28.6 22.9 40.0
GRK-S 70-79 yr 3.9 26.9 34.6 34.6 0.0 15.0 60.0 25.0
GRK-S >80 yr 6.7 26.7 66.7 0.0 0.0 44.4 22.2 33.3
SWE 70-79 yr 2.0 49.0 41.2 7.8 14.7 46.7 30.7 8.0
SWE >80 yr 10.5 42.1 42.1 5.3 18.6 40.7 32.2 8.5

The sample sizes are the same as in Table 13.4

13.7.1 Comparisons with reported data

In the SENECA data, the mean BMI values range from 24.4 kg/m2 (Elverum, Norway) to 30.3
kg/m2 (Sabina Hills, Italy) in men and from 23.9 kg/m2 (Chateau Renault, Amboise, France) to
30.5 kg/m2 (Sabina Hills, Italy and Marki, Poland;[27]) in women. The ranges of the IUNS
medians for groups of European ancestry were similar to those from the SENECA Study but
those for IUNS groups of Asian origin were smaller. In 13 of the SENECA Study centres, the
means for women exceed those for men by amounts varying from 0.2 to 3.1 BMI units. In 5
groups the values for the men are larger than those for women by 0.3 to 2.2 BMI units. Similar
variations were noted in the IUNS project.

The central tendencies (means, medians) that have been reported for BMI in the elderly (Table
13.7) are similar to those for the younger groups of European ancestry in the IUNS project,
except that the values for SWE women are lower. The means and medians for men >80 years old
reported from European and US studies are smaller than those for the IUNS groups of European
ancestry at corresponding ages but larger than those for the Oriental groups in the IUNS project.
The means and medians for women of European ancestry >80 years are lower than those for the
GRK-M and GRK-S groups in the IUNS project but similar to those for the SWE group. The
reported values for women >80 years in UK and US studies are larger than the values for the
IUNS Oriental groups.

In the reported data, the means and medians for women generally exceed those for men but the
values for the two genders are almost identical in the data of Shimokata et al. [57], Tayback et al.
[58] and Chumlea et al. [34] from the US. In the reported data, as in the IUNS project, BMI
values decrease as older groups are considered [41,59]. The standard deviations of BMI values in
reported studies are similar to those in the IUNS groups and, as in the IUNS data, the standard
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deviations tend to be greater in women than in men [34,41,42,60,61].
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Table 13.7. Reported data for body mass index (kg/m2).
Men Women

Authors Age N Mean SD N Mean SD
(yr) (Median) (Median)

Rissanen et al. (1988, Finland)>70 150 25.4 3.7 226 27.7 4.5
Melchionda et al. (1986, Italy)70-74 174 (26.0) - 225 (24.6) -
Deurenberg et al.
(1989a, Netherlands) 70 35 25.0 2.2 37 25.9 3.2
Lowik et at (1992, Netherlands)74 - - - 52 25.7 3.2
Lee et al. (1981, UK) 60-89 - - - 72 27.4 5.1
Burr & Phillips (1984, UK) 70-74 171 (25.1) - 250 (26.3) -

75-79 188 (23.9) - 329 (26.1) -
80-84 87 (23.7) - 200 (25.5) -

>85 41 (23.1) - 88 (23.6) -
Shimakata et al. (1989, US) 76-96 201 (24.4) - 94 (24.1) -
Frisancho (1990, US) 70-74.9 1257 25.3 4.0 1467 26.6 5.3
Tayback et at (1990, US) 55-74 149 (25.5) - 1661 (25.6) -
Czajka-Narins et al. (1991, US)70-74 32 25.9 4.1 68 28.1 5.0

75-79 25 26.3 4.9 49 26.2 4.3
80-84 - - - 35 24.3 3.8

Chumlea et al. (1992, US) 67-92 41 24.1 3.7 63 24.3 3.8

The data in Table 13.7 can be compared with the percentage prevalence of particular BMI values
in the SENECA Study (Table 13.8). The prevalences of particular BMI categories in the
SENECA Study have been made available by Dr W van Staveren. The prevalence of values <20
kg/m2 for BMI in men is zero for Culenborg (Netherlands) and only 1.8% for Haguenau (France)
but the prevalences are 4.9% for Hamme (Belgium) and 4.4% for Roskilde (Denmark). In
women, some of the prevalences of values <20 kg/m2 are low: 0.9% (Vila Franca de Xira
(Portugal) and 1.0% (Hamme, Belgium) but they are relatively high for Romans (France, 9.6%)
and Padua (Italy, 8.7%). Low BMI values may be associated with increased mortality rates [11].
BMI values ≥30 kg/m2 are usually more common in women than men. In men, the prevalence of
these large values range from 7.7% (Roskilde, Denmark) to 33.3% (Bellinzona, Switzerland). In
women, there are relatively low prevalences of BMI values ≥30 kg/m2 in the Romans (France,
12.5%) and Padua (Italy, 13.0%) groups, but there are high prevalences in the Betanzos (Spain,
40.7%), Hamme (Belgium, 36.5%) and Haguenau (France, 30.9%) groups.

These high BMI values are also associated with high mortality rates. These SENECA data,
which are restricted to the larger groups in that study (N >40), show prevalences of low values
that are similar to those in IUNS groups of European ancestry, except that higher prevalences
were found in older SWE men and in SWE women. Markedly higher prevalences of low values
were found in the CTJ-R and FIL groups. High values (≥30 kg/m2) are, however, more common
in the GRK-M groups and the younger GRK-S groups in the IUNS project than in most of the
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groups in the SENECA Study.
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Table 13.8. Percentage prevalence of particular body mass index (kg/m2) values for
groups with N > 40 in the SENECA study.

Men Women
Groups <20 20-25 25.1-29.9 >30 <20 20-25 25.1-29.9 >30
H/B 4.9 39.3 47.5 8.2 1.0 20.2 42.3 36.5
R/DK 4.4 28.6 59.3 7.7 7.7 45.0 29.7 17.6
H/F 1.8 28.2 48.2 21.8 7.3 30.9 30.9 30.9
R/F 2.6 29.0 51.8 16.7 9.6 42.3 35.6 12.5
P/I 3.1 35.4 46.9 14.6 8.7 44.6 33.7 13.0
C/NL 0.0 40.4 50.9 8.8 1.7 22.2 47.9 28.2
V/P 2.8 26.2 50.5 20.6 0.9 27.5 45.0 26.6
B/E 2.3 19.8 53.5 24.4 2.6 19.5 37.2 40.7
Y/CH 3.5 30.6 47.1 18.8 4.6 34.1 46.6 14.8

H/B = Hamme, Belgium; R/DK = Roskilde, Germany; H/F = Hagenau, France; R/F = Romans, France; P/I = Padua,
Italy; C/NL = Culenborg, Netherlands; V/P = Vila Franca de Zira, Portugal; B/E = Betanzos, Spain and Y/CH =
Yuerdon, Switzerland

13.7.2 Discussion

The body mass index is not a good measure of fatness since it is influenced by fat-free mass
(FFM) and stature. Nevertheless, it is closely related to percentage of body fat [9,62] and can be
used to categorise individuals in regard to fatness. The BMI is an important measure because of
its established relationship to mortality rates. This relationship is most marked in cohort studies
that begin in middle age [11,12,36] but even for those 70 years or older at entry into such
studies, mortality rates are higher if the baseline BMI is outside the range 20 to 32 kg/m2 after
existing illnesses and smoking habits are taken into account.

This range is approximate because the estimates of cut-off points, at which mortality rates
increase substantially, differ among reports due partly to variations in study design including
duration of follow-up, analytic approaches, and perhaps real differences in the relationship
between BMI values and mortality rates between populations. Since both low and high BMI
values are associated with increased mortality rates in middle and old age, the elderly, to some
extent, represent a population of survivors with an over representation of those who had BMI
values between 20 and 32 kg/m2 in middle age. The percentage prevalences in the IUNS study
indicate that the CTJ-R and FIL groups are at risk because of low BMI values and the GRK-M
groups are at risk because of high BMI values.

Comparisons between those aged 70-79 years and those aged >80 years could be influenced also
by changes within individuals. Decreases of about 0.8 BMI units/ decade in elderly men and 1.0
BMI units/ decade in elderly women have been reported [63], but others have not found
significant changes in BMI with age [37,64].

13.8 WAIST CIRCUMFERENCE
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The samples were small for ACA and GRK-S groups older than 80 years; there were,
correspondingly, small samples for hip circumference and waist-hip ratio. Waist circumference
was not measured in the CBJ and FIL groups. The IUNS median values for waist circumference
in men aged 70-79 years ranged from 77.0 cm (CTJ-R) to 100.1 cm (GRK-M) and the
corresponding values for men aged more than 80 years ranged from 77.7 cm (CTJ-R) to 100.5
cm (GRK-M) (Table 13.9). The medians for women aged 70-79 years ranged from 75.0 cm
(CTJ-R) to 108.0 cm (GRK-M) and those for women aged more than 80 years ranged from 75.4
cm (CTJ-R) to 105.0 cm (GRK-M). The medians for men were larger than those for women in
corresponding age groups by small amounts in the CTJ-R and CTJ-U groups varying from 2.0 to
5.0 cm and by large amounts in the SWE groups (14.0 cm, younger; 12.9 cm, older) and in the
older GRK-S groups (14.0 cm). The differences between age groups within a gender were small
for all groups and they differed in direction. The standard deviations were small for the CTJ-R
groups but relatively large for the older GRK-M and the younger GRK-S groups. These
differences in standard deviations were markedly reduced when the values were adjusted for the
means.

Table 13.9. Descriptive statistics for waist circumference (cm).
Men Women

Groups and Ages N Mean SD Median N Mean SD Median
ACA 70-79 yr 40 94.9 10.0 94.8 35 97.6 7.7 97.5
ACA >80 yr 5 89.0 8.7 91.7 6 96.3 8.3 97.5
CTJ-R 70-79 yr 73 77.7 6.8 77.0 79 75.6 7.8 75.0
CTJ-R >80 yr 10 77.1 6.7 80.0 19 75.4 10.1 75.0
CTJ-U 70-79 yr 107 88.5 9.8 89.0 102 84.6 11.5 85.0
CTJ-U >80 yr 19 87.7 8.2 89.0 32 85.9 10.0 86.0
GRK-M 70-79 yr 63 100.1 8.8 101.0 59 108.0 10.3 109.0
GRK-M >80 yr 28 100.5 10.1 103.0 35 103.6 13.2 105.0
GRK-S 70-79 yr 26 100.8 11.3 100.0 20 107.0 11.1 106.0
GRK-S >80 yr 15 96.9 8.9 96.0 9 105.7 12.0 110.0
SWE 70-79 yr 51 95.4 9.1 93.0 76 79.5 11.3 79.0
SWE >80 yr 19 94.3 10.0 94.9 59 82.6 9.8 82.0

Photo 13.1. Spata, Greece (1988): a man in his early 80s with  abdominal
obesity, also  common amongst women.

Food Habits in Later Life 382 Auscript InfoDisk



13.8.1 Comparisons with reported data

There are few reported data for waist circumference in the elderly with which the IUNS data can
be compared (Table 13.10). The mean values for French men are smaller than the corresponding
values for IUNS groups of European ancestry but they are larger than the CTJ-R values and
similar to the CTJ-U values. The reported central tendencies for US men are lower than those for
the GRK-M groups but are otherwise similar to the IUNS means and medians [39,65]. As for the
IUNS project, the reported data indicate marked variation between studies in gender differences.
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Table 13.10. Reported data for waist circumference (cm).
Men Women

Authors Age N Mean SD N Mean SD
(yr) (Median) (Median)

Marquer & Chamla 70-79 35 87.3 10.4 - - -
(1961, France) 80-91 33 88.3 8.5 - - -

Friedlaender et al. (1977, US) >70 20 97.1 8.0 - - -
Shimokata et al. (1989, US) 70-96 201 (91.0) - 94 (79.3) -
Chumlea et al. (1992, US) 67-92 41 96.7 11.1 63 94.3 11.9

13.8.2 Discussion

The volume of visceral adipose tissue is related to the prevalence of non-insulin dependent
diabetes mellitus and to risk factors for cardiovascular diseases [66-68]. Waist circumference is
correlated (r = 0.3) with the amount of visceral adipose tissue [21]; although this correlation is
higher than those for many other anthropometric variables, it is not high enough to allow
predictions of the amount of visceral adipose tissue. In the data from the IUNS project, there
were small and inconsistent differences in waist circumference between age groups. Some serial
data indicate, however, that waist circumferences increase in the elderly by about 1.5 to 3.4 cm/
decade. and that these increases are independent of levels of physical activity [37,56].

13.9 HIP CIRCUMFERENCE

In the IUNS project, hip circumferences were not measured in the CBJ and FIL groups (Table
13.11). The median values for men aged 70-79 years ranged from 86.0 cm (CTJ-R) to 105.3 cm
(GRK-M) while those for men older than 80 years ranged from 84.5 cm (CTJ-R) to 103.0 cm
(GRK-S). The medians for women aged 70-79 years ranged from 88.0 cm (CTJ-R) to 105.5 cm
(GRK-S) and those for women aged >80 years ranged from 84.0 cm (CTJ-R) to 105.0 cm
(GRK-S). The differences between the medians for men and women were small within ethnic
groups but there was a slight tendency for the medians to be larger in women. There was a
tendency for the medians to be larger in younger groups than in older groups and this tendency
was more consistent in men than women. These differences between age groups were marked for
the CTJ-R and GRK-M women. The standard deviations differed by little among groups.

Table 13.11. Descriptive statistics for hip circumference (cm).
Men Women

Groups and Ages N Mean SD Median N Mean SD Median
ACA 70-79 yr 40 98.9 6.7 99.0 35 100.7 6.5 100.0
ACA >80 yr 5 96.0 2.6 96.7 6 97.0 6.2 97.0
CTJ-R 70-79 yr 73 86.5 5.3 86.0 79 87.1 6.6 88.0
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CTJ-R >80 yr 10 85.7 5.5 84.5 19 86.0 7.7 84.0
CTJ-U 70-79 yr 107 100.3 9.5 100.0 102 98.3 11.5 96.0
CTJ-U >80 yr 19 97.4 7.9 97.0 32 99.5 10.9 100.0
GRK-M 70-79 yr 63 103.0 6.6 103.0 59 105.6 9.1 105.0
GRK-M >80 yr 28 101.1 7.5 100.0 35 102.1 9.3 101.0
GRK-S 70-79 yr 26 105.5 9.4 105.0 20 107.3 10.4 105.5
GRK-S >80 yr 15 102.7 8.1 103.0 9 104.9 9.1 105.0
SWE 70-79 yr 51 101.9 7.0 101.0 76 99.1 9.7 98.0
SWE >80 yr 19 101.8 8.1 100.0 59 99.4 8.9 99.5

13.9.1 Comparisons with reported data and discussion

The reported data are restricted to US samples and they are limited in value because of the wide
age ranges in the two reports available (Table 13.12). The reported means and medians are lower
than the corresponding IUNS values for the GRK-M and GRK-S groups and for the groups of
Swedish men but are similar to those for the SWE women and the ACA groups [57,34]. In the
two reported studies, as in the IUNS project, the gender differences were small and inconsistent
in direction. The standard deviations reported by Chumlea et al. [34] are similar to those from
the IUNS project. Hip circumference is correlated with total body fat (r = 0.74; [21]) and is used
in calculating the waist-hip ratio which an index of the patterning of adipose tissue.
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Table 13.12. Reported data for hip circumference (cm).
Men Women

Authors Age N Mean SD N Mean SD
(yr) (Median) (Median)

Shimokata et al.
(1989, US) 70-96 99 (97.0) - 94 (97.8) -
Chumlea et at
(1992, US) 67-92 41 99.1 6.8 63 98.6 9.6

13.10 WAIST-HIP RATIO

The IUNS age-adjusted medians for the waist-hip ratio in men aged 70-79 years ranged from
0.89 (CTJ-U) to 0.97 (GRK-M) and the medians for men aged more than 80 years ranged from
0.91 (CTJ-R and CTJ-U) to 1.00 (GRK-M) (Table 13.13). The medians for women aged 70-79
years ranged from 0.90 (SWE) to 1.03 (GRK-M) and from 0.86 (SWE) to 1.03 (GRK-M) for
women aged more than 80 years. The CTJ-R and CTJ-U medians were relatively low in each
gender while those for the GRK-M and GRK-S groups were relatively high. The difference
between genders was inconsistent across groups but within an ethnic group they were consistent
for younger and older groups. The difference between genders was large for the SWE groups.
The medians did not differ systematically when the younger and older groups were compared
within a gender but there was a slight tendency for the median ratios to be larger in the older
groups. The standard deviations for the waist-hip ratio differed little among groups.

Table 13.13. Descriptive statistics for waist-hip ratio.
Men Women

Groups and Ages N Mean SD Median N Mean SD Median
ACA 70-79 yr 40 0.96 0.05 0.97 35 0.97 0.04 0.97
ACA >80 yr 5 0.93 0.08 0.95 6 0.99 0.06 0.99
CTJ-R 70-79 yr 73 0.90 0.06 0.90 79 0.87 0.08 0.87
CTJ-R >80 yr 10 0.90 0.06 0.91 19 0.88 0.08 0.88
CTJ-U 70-79 yr 107 0.88 0.05 0.89 102 0.86 0.07 0.86
CTJ-U >80 yr 19 0.90 0.04 0.91 32 0.86 0.06 0.86
GRK-M 70-79 yr 63 0.97 0.05 0.97 59 1.02 0.06 1.03
GRK-M >80 yr 28 0.99 0.06 1.00 35 1.01 0.06 1.03
GRK-S 70-79 yr 26 0.95 0.04 0.95 20 1.00 0.03 1.00
GRK-S >80 yr 15 0.94 0.05 0.94 9 1.01 0.08 1.02
SWE 70-79 yr 51 0.94 0.05 0.92 76 0.80 0.07 0.80 SWE

>80 yr 19 0.93 0.05 0.92 59 0.83 0.06 0.83

The percentage prevalences of values for the waist-hip ratio that were greater than 0.9 for men
and 0.8 for women were calculated for the CTJ-R, GRK-M, GRK-S and SWE groups (Table
13.14). A majority of each group, except the younger SWE women, exceeded the chosen cut-off
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points. Indeed, these values were exceeded by all GRK-M and GRK-S women and by all the
older GRK-M men.

Table 13.14. Percentage prevalences of waist-hip ratios in excess of selected cut off points.
Men Women

Groups and Ages >0.9 >0.8
ACA 70-79 yr 85.0 100.0
ACA >80 yr 60.0 100.0
CTJ-R 70-79 yr 50.7 88.6
CTJ-R >80 yr 60.0 84.2
GRK-M 70-79 yr 93.6 100.0
GRK-M >80 yr 100.0 100.0
GRK-S 70-79 yr 96.1 100.0
GRK-S >80 yr 86.7 100.0
SWE 70-79 yr 76.5 48.7
SWE >80 yr 63.2 71.2

Photo 13.2. Melbourne, Australia (Greek) (1990- 1991): women in  their
early 80s with abdominal obesity or high waist-hip  ratios.
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13.10.1 Comparisons with reported data

In the SENECA Study, the means for the waist-hip ratio range from 0.91 (Anogia, Arcanes,
Greece) to 1.0 (Vila Franca de Xira, Portugal) in men and from 0.83 (Roskilde, Denmark;
Chateau Renault, Amboise, France; Burgdorf and Bellinzona, Switzerland) to 0.91 (Culenborg,
Netherlands) in women [27]. The SENECA means are similar to the IUNS medians for men but
somewhat lower than the IUNS medians for women.

The means and medians of Chumlea et al. [34] and Shimokata et al. [57] for men are similar to
those for GRK-M and GRK-S men in the IUNS project but higher than those for the SWE and
Asian groups of men (Table 13.15). The median for women reported by Shimokata et al. [57] is
markedly lower than the corresponding value for men and it is lower than the medians for all
IUNS groups except the younger SWE group.

Table 13.15. Reported data for waist-hip ratio .
Men Women

Authors Age N Mean SD N Mean SD
(yr) (Median) (Median)

Lowik et al.
(1992, Netherlands) 74 - - - 52 0.96 0.05
Shimokata et al.
1989, US) 70-96 201 (0.96) - 94 (0.80) -
Chumlea et al.
(1992, US) 67-92 41 0.98 0.06 63 0.96 0.07

The percentage prevalences of values for the waist-hip ratio that exceeded the chosen cut-off
points in the SENECA Study are given in Table 13.16. In men, the prevalences are particularly
high for Vila Franca de Xira (Portugal, 95.3%) and Romans (France, 92.3%). Very high
prevalences for women were found in the Marki (Poland, 100%) and the Culenborg
(Netherlands, 93.5%) groups. These prevalences are similar to those from the IUNS project for
groups of European ancestry except for the low value (48.7%) in SWE women aged 70-79 years.
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Table 13.16. Percentage Prevalence of waist-hip ratios exceeding chosen cut off points in
the SENECA study.

Groups Men >0.9 Women >0.8
H/B 71.1 78.4
R/DK 68.5 77.5
CA/F 83.9 75.0
H/F 82.7 79.8
R/F 92.3 82.1
M/GR 91.7 84.0
AA/GR 57.7 86.1
M/H 85.0 96.1
P/I 85.3 81.3
FMP/I 77.8 83.3
C/NL 91.9 93.5
E/N 66.7 75.0
V/P 95.3 90.8
B/E 81.8 90.3
Y/CH 83.5 81.6
BU/CH 86.7 70.0
BE/CH 88.5 73.1
M/PL 88.2 100.0

CA/F = Chateau Renault, Amboise, France; M/GR = Markopoulo, Greece; AA/GR - Anogia, Arkanes, Greece; M/H
= Monor, Hungary; FMP/I = Fara Sabina, Magliano Sabina, Roggio Mireto, Italy; E/N - Eberum, Netherlands;
BU/CH = Burgdorf, Switzerland; BE/CH = Bellinzone, Switzerland; and M/PL = Marki, Poland.

13.10.2 Discussion

The waist-hip ratio is an index of the amount of adipose tissue in the abdominal area adjusted for
an indirect measure of frame size. It is of biological interest because abdominal adipose tissue,
especially deep or visceral adipose tissue, is associated with increased risks of cardiovascular
diseases, hypertension, gall bladder diseases and diabetes mellitus [69-72]. The waist-hip ratio is
not closely related to total body fat (r = 0.39; [27]) but has a close relationship (r = 0.5 to 0.8)
with the amount of visceral adipose tissue in men [27,73].

13.11 ARM CIRCUMFERENCE

The medians for men aged <70 years in the CBJ and FIL groups were 27.5 and 27.1 cm
respectively while those for men aged 70-79 years ranged from 24.0 cm (CTJ-R) to 30.4 cm
(ACA) and those for men older than 80 years ranged from 21.5 cm (CTJ-R) to 29.0 cm
(GRK-M; SWE). (Table 13.17) The medians for women <70 years old were 28.0 cm in the CBJ
group and 26.9 cm in the FIL group. The medians for women aged 70-79 years ranged from 24.0
cm (CTJ-R) to 32.0 cm (GRK-M) while those for women aged more than 80 years ranged from
21.0 cm (CTJ-R) to 29.3 cm (GRK-S). The differences between the genders were small and
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inconsistent for those aged 70-79 years and for those older than 80 years. There were decreases
in the means from younger to older groups of men; these decreases ranged from 1.0 to 2.0 cm.
There was a similar pattern in women with decreases of 0.7 to 4.0 cm except in the CTJ-U
sample where the median for the older group exceeded that for the younger group by 0.5 cm. The
standard deviations for groups aged 70-79 years were larger for women than men but the
differences in standard deviations between men and women older than 80 years were small and
inconsistent. The standard deviations were small for the CBJ and CTJ-R groups and for the older
GRK-S men.

Table 13.17. Descriptive statistics for arm circumference (cm).
Men Women

Groups and Ages N Mean SD Median N Mean SD Median
ACA 70-79 yr 40 30.4 4.3 30.0 35 31.2 4.3 30.0
ACA >80 yr 5 28.2 1.7 28.2 6 27.2 2.5 28.0
CBJ <70 yr 79 27.7 2.5 27.5 123 28.5 3.4 28.0
CBJ >70 yr 44 26.2 2.9 26.2 55 26.6 3.1 27.0
CTJ-R 70-79 yr 73 24.0 2.2 24.0 79 23.7 2.6 24.0
CTJ-R >80 yr 10 22.3 3.0 21.5 19 21.4 2.5 21.0
CTJ-U 70-79 yr 107 27.7 4.3 27.0 101 26.1 4.5 26.0
CTJ-U >80 yr 19 25.5 4.2 26.0 32 26.6 3.4 26.5
FIL <70 yr 33 27.2 2.7 27.1 105 26.9 4.3 26.9
FIL >70 yr 40 24.9 3.4 24.7 94 24.9 4.1 25.0
GRK-M 70-79 yr 63 30.0 3.2 30.4 59 31.6 3.6 32.0
GRK-M >80 yr 28 28.7 4.4 29.0 35 28.4 5.0 28.0
GRK-S 70-79 yr 26 30.4 3.5 30.0 20 21.3 4.0 31.2
GRK-S >80 yr 15 27.7 2.6 28.0 9 29.3 2.8 29.0
SWE 70-79 yr 50 30.0 4.5 30.0 76 28.0 4.9 28.2
SWE >80 yr 19 28.9 3.1 29.0 59 27.5 4.3 27.5

13.11.1 Comparisons with reported data

There were only modest differences between the means for arm circumference in the SENECA
Study for various groups. For men, the means range from 27.2 cm (Padua, Italy) to 30.8 cm
(Chateau Renault, Amboise, France) and those for women range from 26.5 cm (Padua, Italy) to
32.0 cm (Marki, Poland). The ranges of these means are similar to those for medians from the
IUNS project for groups of European ancestry aged 70-79 years. The means and medians from
other reported studies range from 24.5 to 30.7 cm for men aged about 75 years and from 23.0 to
29.6 cm for older men (Table 13.18). The corresponding values for women aged about 75 years
range from 24.9 to 30.0 cm while those for older women range from 22.1 to 28.8 cm. These
values tend to be smaller than those from the IUNS project for groups of European ancestry but
are generally larger than the IUNS medians for Asian groups.

In the reported data, the values for men are almost all larger than those for women but many of
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the differences are small. As in the IUNS data, the reported median and mean values are larger in
younger than in older groups for gender- and ethnic-specific comparisons. The standard
deviation values reported in the literature are similar to those for the IUNS groups.

Table 13.18. Reported data for arm circumference (cm).
Men Women

Authors Age N Mean SD N Mean SD
(yr) (Median) (Median)

Yurkiw et al. (1983, Canada) >65 26 31.2 2.7 24 28.9 3.8
Burr & Phillips (1984, UK) 70-74 45 (25.5) - 47 (25.5) -

75-79 119 (24.5) - 219 (24.9) -
80-84 56 (23.7) - 131 (23.5) -

>85 31 (23.0) - 75 (22.1) -
McEvoy & James (1982, UK)66-96 60 29.1 2.7 53 27.7 2.7
Nutrition & Health in Old Age<80 - 27.2 2.9 - 26.8 3.9
(1984, UK) >80 - 26.4 3.9 - 26.1 3.7
Falciglia et al. (1988, US) 70-79 115 30.7 3.1 239 30.0 4.1

80-89 49 29.6 3.5 111 28.8 4.6
Shimokata et al. (1989, US) 70-96 201 (30.0) - 94 (28.3) -
Frisancho (1990, US) 70-74.9 1251 30.6 3.4 1465 30.5 4.3
Chumlea et al. (1992, US) 67-92 41 30.1 2.8 63 28.7 3.4

13.11.2 Discussion

Decreases in arm circumference within individuals of about 1.0 to 2.0 cm/ decade for men and
1.4 cm/ decade for women have been reported [55,56,63]. This is similar to the differences seen
between younger and older IUNS groups. Therefore, the observed differences could reflect
changes within individuals, but they may also be influenced by cohort differences.

13.12 TRICEPS SKINFOLD THICKNESS

Descriptive statistics for triceps skinfold thicknesses in the IUNS groups are presented in Table
13.19. The medians for men aged 70-79 years ranged from 6.0 mm (CTJ-R) to 14.0 mm (SWE)
and from 3.5 mm (CTJ-R) to 14.0 mm (CTJ-U) in men aged more than 80 years. The medians
for groups of women aged 70-79 years ranged from 12.0 mm (CTJ-R) to 24.5 mm (GRK-S) and
those for women older than 80 years ranged from 7.0 mm (CTJ-R) to 22.0 mm (GRK-S). The
medians were consistently larger for women than men when corresponding age groups were
compared. These gender differences were usually larger for younger groups than for older
groups and were particularly large for the younger GRK-M and the older CTJ-R and GRK-S
groups. The medians for the younger groups of men and women exceeded those for the older
groups by 1.0 to 5.0 mm except in the GRK-M men and SWE women where the medians for the
older groups slightly exceeded those for the younger groups. The standard deviations were small
for the CTJ-R and CTJ-U younger men, the older GRK-M men and the younger CTJ-R women,
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but were large for the SWE older men. These differences remained when the standard deviations
were adjusted for the means.
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Table 13.19 Descriptive statistics for triceps skinfold thickness (mm).
Men Women

Groups and Ages N Mean SD Median N Mean SD Median
ACA 70-79 yr 40 12.0 4.6 11.9 35 19.5 4.9 20.2
ACA >80 yr 5 10.8 1.7 10.6 6 14.1 4.6 12.9
CBJ <70 yr 79 11.1 5.6 10.0 123 24.0 9.2 22.5
CBJ >70 yr 44 12.4 6.5 10.7 54 18.3 8.1 18.0
CTJ-R 70-79 yr 73 6.7 3.7 6.0 79 11.7 4.5 12.0
CTJ-R >80 yr 10 7.7 7.5 3.5 19 9.4 6.1 7.0
CTJ-U 70-79 yr 107 14.7 4.1 15.0 102 16.7 5.8 16.5
CTJ-U >80 yr 19 13.6 4.4 14.0 32 15.9 5.2 15.2
GRK-M 70-79 yr 63 11.5 4.5 10.0 59 21.4 5.8 21.0
GRK-M >80 yr 28 12.3 4.2 12.5 35 18.0 6.8 19.0
GRK-S 70-79 yr 26 16.0 7.2 15.0 20 25.5 7.1 24.5
GRK-S >80 yr 15 12.6 4.8 11.0 9 21.9 6.4 22.0
SWE 70-79 yr 51 16.1 10.4 14.0 76 16.9 6.2 16.0
SWE >80 yr 19 12.9 4.8 12.0 58 17.5 6.5 17.0

13.12.1 Comparisons with reported data

The means for triceps skinfold thickness in the SENECA Study range from 7.8 mm (Monor,
Hungary) to 21.4 mm (Marki, Poland) for men and from 11.0 mm (Markopoulo, Greece) to 29.9
mm (Marki, Poland) for women [27]. These ranges are considerably broader than those for the
younger IUNS groups of European ancestry and the values tend to be higher than those for the
Asian groups in the IUNS project. Compared with data from IUNS groups aged 70-79 years of
European ancestry, other reported data (Table 13.20) from studies in Scotland, Sweden and the
UK are slightly lower but those reported for some US groups are larger [41,74].
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Table 13.20. Reported data for triceps skinfold thickness (mm).
Men Women

Authors Age N Mean SD N Mean SD
(yr) (Median) (Median)

Yurkew et al. (1983, Canada) >65 26 18.9 6.8 24 24.6 8.1
Hejda (1963, Czechoslovakia)>80 34 9.0 - 45 16.0 -
Rissanen et al. (1988, Finland)>70 150 9.9 4.2 226 21.7 7.8
(1979, Scotland) 70-79 73 17.9 2.3 99 22.3 1.8

>80 20 18.4 1.8 32 20.8 2.2
Steen et al. (1977, Sweden) >70 402 8.6 - 466 18.2 -
Burr & Phillips (1984, UK) 70-74 45 (8.0) - 47 (15.9) -

75-79 119 (7.0) - 219 (14.6) -
80-84 56 (6.6) - 131 (12.7) -

>85 31 (6.5) - 75 (11.5) -
McEvoy & James (1982, UK)66-96 60 13.4 - 53 19.8 -
Lee & Lasker  (1959, US) 70-80 105 9.7 - - - -

>80 28 9.2 - - - -
Montoye (1965, US) 70-74 36 14.3 - 44 22.6 -

75-79 20 14.8 - 24 21.6 -
>80 - - - 29 14.0 -

Damon et al. (1972, US) 60-89 - - - 72 27.0 9.0
Yearick (1978, US) 63-96 25 12.3 7.0 75 20.0 6.7
Lee et al. (1981, US) 60-89 - - - 72 27.0 9.0
Falciglia et al. (1988, US) 70-79 115 23.5 13.3 239 25.1 9.3

80-89 49 21.6 11.0 111 23.3 9.7
Shimokata et al. (1989, US) 70-96 201 (9.5) - 94 (19.0) -
Frisancho (1990, US) 70-74.9 1251 11.0 5.8 1463 24.0 8.5
Czajka-Narine et al. (1992, US)70-74 32 18.8 10.0 68 31.6 9.7

75-79 25 19.3 8.3 49 28.1 8.7
80-84 - - - 35 27.7 9.9

Chumlea et al. (1992, US) 67-92 41 10.9 3.3 63 18.2 5.6

The reported data show decreases in means or medians as older groups are considered, within all
samples of women and most samples of men. In two reports for men, however, the values for
older groups are slightly larger than those for younger groups; this may reflect sampling
variations. In the studies of US men and women, the standard deviations are much larger than in
the IUNS groups but they are very small for the groups of Scots reported by Milne [110].

13.12.2 Discussion

In the IUNS data, triceps skinfold thicknesses were systematically larger in the younger than in
the older groups within each gender. These cross-sectional findings could reflect decreases in
these thicknesses with age within elderly individuals, but reported data concerning such changes
are inconclusive. Some have reported small mean increases of 0.3 to 0.5 mm in elderly men
during intervals of 16 to 30 years [37,55,56] but larger decreases (3.0 mm/ decade for men, and
6.0 mm/ decade for women) have been reported by Chumlea et al. [63]. In 73 male manual
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workers, Patrick et al. [75], found that triceps skinfold thicknesses increased during the first year
after retirement but there were few significant changes during the next four years.

The present data could be influenced also by decreases in the compressibility of skinfolds with
ageing [76-80]. Additionally, the IUNS data could be affected by selective mortality since
mortality rates are higher in those with low values for triceps skinfold thicknesses [78,81-83].
These factors would tend to increase skinfold thicknesses in older as compared with younger
groups.

13.13 ARM MUSCLE AREA

The data in Table 13.21 show that the median arm muscle areas for men aged 70-79 years ranged
from 37.6 cm2 in the CTJ-R group to 56.6 cm2 in the ACA group. The corresponding values for
men older than 80 years ranged from 30.5 cm2 in the CTJ-R group to 49.2 cm2 in the GRK-M
group. The medians for women aged 70-79 years ranged from 31.4 cm2 in the CTJ-R group to
48.6 cm2 in the ACA group. In women older than 80 years, the median values ranged from 26.2
cm2 in the CTJ-R group to 42.2 cm2 in the GRK-M group. The median values were consistently
larger for men than for women when corresponding age and ethnic groups were compared except
for the older CTJ-U groups in which the median for women was greater than that for men by 2.8
cm2.

These gender differences were larger for the younger than for the older groups and they were
particularly large for the GRK-S younger groups (men, 54.6 cm2; women, 40.6 cm2) and for the
SWE older groups (men, 48.0 cm2; women, 38.2 cm2). The medians were smaller for the older
than for the younger groups within each gender except for the CTJ-U women (younger, 32.6
cm2; older, 37.4 cm2). The differences between age groups were generally larger for men than
for women. In men, the differences between age groups were small for the SWE groups; in
women, they were small for the GRK-S and CBJ groups but large for the GRK-M group. The
standard deviations were greater in men than in women but showed little tendency to vary with
age. It is also interesting to note the prevalence of low values because, as discussed later, low
values for arm muscle area are associated with increased mortality rates.
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Table 13.21. Descriptive statistics for arm muscle area (cm2).
Men Women

Groups and Ages N Mean SD Median N Mean SD Median
ACA 70-79 yr 40 57.6 18.8 56.6 35 51.1 16.0 48.6
ACA >80 yr 5 49.3 7.2 49.5 6 41.9 8.4 40.7
CBJ <70 yr 79 47.0 8.6 46.7 123 35.3 8.0 35.6
CBJ >70 yr 44 40.2 9.3 38.8 54 35.2 6.4 34.4
CTJ-R 70-79 yr 73 38.3 6.0 37.6 79 32.2 5.3 31.4
CTJ-R >80 yr 10 32.0 8.1 30.5 19 27.3 5.5 26.2
CTJ-U 70-79 yr 107 43.7 15.8 39.3 102 35.6 12.7 32.6
CTJ-U >80 yr 19 37.0 13.6 34.6 32 37.9 10.4 37.4
GRK-M 70-79 yr 63 56.2 12.0 56.1 59 49.8 10.8 48.4
GRK-M >80 yr 27 52.1 8.8 49.2 35 42.1 11.8 42.2
GRK-S 70-79 yr 26 51.9 8.8 54.6 20 43.9 10.8 40.6
GRK-S >80 yr 15 45.2 6.6 47.0 9 40.3 5.6 39.6
SWE 70-79 yr 49 53.8 14.8 50.9 74 43.3 10.9 40.2
SWE >80 yr 19 49.7 11.2 48.0 57 40.2 8.6 38.2

It has been claimed that values less than 12 cm2 for arm muscle area, excluding bone area, are
not compatible with life [24]. This value is approximately equivalent to arm muscle areas that
include bone of 22.0 cm2 for men and 18.5 cm2 for women. All the IUNS 5th percentile levels
exceeded these values except those for older men in the CTJ-R and CTJ-U groups. In addition,
the minimum values of arm muscle area were less than 22.0 cm2 for the younger CTJ-U and
SWE men, and for the older CBJ men and the minimum values for women were <18.5 cm2 in the
CBJ and CTJ-U younger groups and in the GRK-M older group.

13.13.1 Comparisons with reported data

The data from the SENECA Study (personal communication, van Staveren; Table 13.22) are
similar to IUNS data for groups of European ancestry at ages 70-79 years. The medians for arm
muscle area in men in Table 13.23 ranged from 41.2 cm2 (Marki, Poland) to 58.1 cm2 (Chateau
Renault, Amboise, France) and in women the range was from 35.0 cm2 (Vila Franca de Xira,
Portugal) to 63.7 cm2 (Markopoulo, Greece). In comparison with younger groups of European
ancestry in the IUNS project, the range of medians in the SENECA groups extends to higher
values and to lower values in both men and women. The medians for men exceeded those for
women except in the data from Markopoulo (Greece) where the median value for men was 6.3
cm2 less than that for women. In other groups, the gender differences varied markedly from a
low of 4.4 cm2 for Marki (Poland) to a high of 15.5 cm2 for Haguenau (France). There was a
similar gender based difference in the IUNS data for younger groups of European ancestry where
the medians for men exceeded those for women by 7.7 to 14.0 cm2.

The means and medians reported for UK groups by Burr and Phillips (1984) and in the Nutrition
and Health in Old Age Study (1979) are considerably lower than the IUNS values for groups of
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European ancestry (Table 13.23). The reported means and medians from UK and US studies are
generally smaller than the corresponding values for the IUNS groups of European origin but
larger than those for groups of Asian origin.
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Table 13.22. Arm muscle area (cm2) in the SENECA study.
Men Women

Groups and Ages N Mean SD Median N Mean SD Median
H/B 121 50.3 11.6 50.0 101 44.3 9.9 42.7

R/DK 84 55.2 9.8 56.4 87 40.8 9.1 40.0
CA/F 31 59.1 15.5 58.1 24 46.2 13.3 45.0
H/F 110 51.2 9.2 50.6 110 35.2 8.8 35.1
R/F 104 56.4 8.7 55.5 93 44.3 10.7 43.4
M/GR 24 53.5 11.9 57.4 25 64.5 14.9 63.7
AA/GR 26 45.7 7.6 45.0 36 37.4 9.9 36.6
M/H 20 53.6 13.2 56.0 26 44.7 8.2 43.6
P/I 96 48.3 8.8 47.4 91 36.7 7.8 36.2
FMP/I 20 56.2 12.6 56.1 24 45.9 12.2 43.6
C/NL 99 52.8 9.1 51.5 106 45.0 9.4 44.0
E/N 32 46.0 11.2 44.3 28 37.5 6.7 37.8
V/P 109 47.0 7.6 47.0 110 36.1 7.8 35.0
B/E 88 54.3 9.9 54.0 116 45.8 12.4 45.4
Y/CH 85 53.2 8.7 52.7 85 41.8 9.2 40.8
BU/CH 30 51.6 8.3 52.3 30 46.0 11.3 44.2
BE/CH 26 49.8 7.9 48.9 25 45.9 11.0 44.1
M/PL 17 42.3 8.8 41.2 13 41.4 12.3 36.8

H/B = Hamme, Belgium; R/DK = Roskilde, Germany; H/F = Hagenau, France; R/F = Romans, France; P/I = Padua,
Italy; C/NL = Culenborg, Netherlands; V/P = Vila Franca de Zira, Portugal; B/E = Betanzos, Spain and Y/CH =
Yuerdon, Switzerland

Table 13.23 Reported data for arm muscle area (cm2).
Men Women

Authors Age N Mean SD N Mean SD
(yr) (Median) (Median)

Nutrition & Healthin Old Age<80 - 46.5 10.3 - 36.7 10.3
(1979, UK) >80 - 44.5 11.8 - 36.0 10.3
Burr & Phillips (1984, UK) 70-74 45 (41.4) - 47 (32.7) -

75-79 119 (39.4) - 219 (32.3) -
80-84 56 (37.1) - 131 (29.7) -

>85 31 (34.7) - 75 (26.9) -
Falciglia et al. (1988, US) 70-79 115 44.6 14.6 239 39.8 12.7

80-89 49 42.3 11.8 111 37.9 13.3
Frisancho (1990, US) 70-74.9 1250 47.8 11.5 1463 36.0 10.8

All reports are in agreement that mean and median values are larger for men than women and
that the means and medians decrease in older age groups. These differences between age groups
occur for each gender but they are larger in men than women.

13.13.2 Discussion
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Anthropometric indices of the cross-sectional muscle area of the arm are made with the
assumption that the muscle mass is circular in cross-section and that it is surrounded by a layer
of subcutaneous adipose tissue of constant thickness. These assumptions are inaccurate and do
not take bone into account. The usual equation to calculate arm muscle area overestimates the
true value from computed tomography by about 20-25% but the overestimation is reduced to
about 7% when gender-specific constants are included to correct for the bone area (10 cm2 for
men; 6.5 cm2 for women) Rice et al. [22-24]. The overestimations tend to be greater in the obese
[23]. Furthermore, the validity of arm muscle area may decrease with age due to increases in the
fat content of muscle tissue [84].

Despite its inaccuracy, arm muscle area is useful as shown by its correlations with creatinine
excretion/ stature (r = 0.95), total muscle mass in the upper limb (r = 0.82), and total muscle
mass in the upper and lower limbs combined (r = 0.4); [24,25,85]. The occurrence of minimum
values for arm muscle area in the IUNS project that are less than the lowest levels reported to be
compatible with life casts some doubt on earlier claims. The values suggested by Heymsfield et
al. [24] may require some revision.

13.14 BODY COMPOSITION

Measured or predicted body composition values for the elderly are needed to estimate stores of
protein, energy and trace minerals, energy expenditure, and for the inclusion of body
composition values in studies of levels of lipids and lipoproteins and immuno-competence [86].
They are also important because of their relationships with mortality and morbidity rates [11].
Because it is extremely difficult to measure body composition in general samples of the elderly,
it is necessary to apply equations that predict body composition values from variables that are
easily obtained. It is clear that predictive equations derived from young adults are inaccurate for
the elderly Broekhoff et al. [87,88] and that equations specific for the elderly are needed. These
equations are typically developed from studies in which body size, bioelectric impedance and
body density measures are recorded. The inclusion of impedance values makes such equations
more accurate but impedance was not measured in the IUNS project.

The literature was reviewed to identify equations that were applicable to the elderly and for
which the independent variables had been recorded in the IUNS project. In some of these
studies, body density was used to calculate body composition using the 2-component model of
Siri [89]. With this model, it is assumed that the body consists of fat and of FFM and that the
density of FFM is the same in old age as in young adulthood. This is not the case. The elderly
have lower densities of FFM than young adults because of lower proportions of bone mineral
and they may have higher concentrations of water [90-93]. As a result, use of the 2-component
Siri model for the elderly results in erroneous body composition values from body density.
Similarly, calculations of body composition in the elderly from total body potassium are suspect
if the formulae applied do not take age into account [94].
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Also, predictive equations that include impedance as an independent variable must be specific
for the elderly because it appears that a higher proportion of body water is extracellular in the
elderly than in young adults [95,96]. It is known, in addition, that the accuracy of general
predictive equations is influenced by the fatness of the subjects [97,98]. To overcome these
limitations, one can add group-specific adjustments to the 2-component model and, in effect, use
values for the density of fat-free mass that are age-, gender-, and fatness-specific [30]. In
principle, it is better to apply a multi-component model with measurements of body density, total
body water and total body bone mineral for individuals [99-102], but the propagated effects of
the errors associated with each measurement may outweigh the advantages. The IUNS data set
allowed the prediction of fat-free mass (FFM, kg), total body fat (TBF, kg), and body fat as a
percentage of body weight (% BF). These estimated values were obtained from equations
developed by Deurenberg et al. [8]: % BF (males) = 0.970 BMI + 0.136 age - 4.67; and % BF
(females) = 1.028 BMI + 0.283 age - 5.56. These authors reported only small differences
between values predicted for % BF and those obtained from body density after applying the
2-component model [89] with corrections for age and fatness [90,91].

13.15 PERCENT BODY FAT

The IUNS medians for estimated % BF ranged from 26.2% (ACA) to 33.0% (GRK-M) and from
21.5% (CTJ-R) to 34.8% (GRK-M) in men older than 80 years (Table 13.24). In the women
aged <70 years, the medians were 42.1% for the CBJ group and 43.0% for the FIL group. For
women aged 70-79 years, the medians ranged from 42.3% (SWE) to 49.2% (GRK-S) while in
women older than 80 years the medians ranged from 45.2% (SWE) to 50.7% (GRK-M). All the
medians for men exceeded those for women in corresponding age groups.

Table 13.24. Descriptive statistics for estimated per cent body fat (% BF).
Men Women

Groups and Ages N Mean SD Median N Mean SD Median
ACA 70-79 yr 41 30.4 4.1 30.7 36 44.2 2.5 44.6
ACA >80 yr 5 31.8 2.7 32.0 6 47.4 2.7 47.8
CBJ <70 yr 77 28.1 4.6 28.4 122 41.6 3.6 42.1
CBJ >70 yr 43 29.0 4.8 29.3 53 43.8 2.7 44.0
CTJ-R 70-79 yr 73 23.0 4.4 23.0 79 42.4 4.1 43.1
CTJ-R >80 yr 10 21.5 6.2 22.9 19 45.8 4.1 46.1
CTJ-U 70-79 yr 107 27.2 4.7 27.5 102 43.2 4.1 43.6
CTJ-U >80 yr 19 27.4 5.6 28.5 32 46.8 4.1 46.9
FIL <70 yr 33 23.2 7.2 23.9 105 42.5 4.0 43.0
FIL >70 yr 40 23.5 6.2 23.6 93 45.4 4.5 45.0
GRK-M 70-79 yr 64 33.0 3.6 33.3 59 48.7 2.7 49.2
GRK-M >80 yr 28 34.1 3.9 34.8 35 50.4 3.3 50.7
GRK-S 70-79 yr 26 32.0 5.0 32.4 20 47.1 2.6 47.2
GRK-S >80 yr 15 32.1 4.0 33.1 9 49.3 1.9 49.6
SWE 70-79 yr 51 29.9 3.5 29.6 75 42.2 3.7 42.3
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SWE >80 yr 19 31.2 4.1 32.0 59 45.4 3.2 45.2

13.15.1 Comparisons with reported data

The reported data (Table 13.25) must be interpreted taking into account the methods by which
they were obtained. The data of Svendsen et al. [103] were obtained from dual energy x-ray
absorptiometry which gives results for older individuals that are similar to those from body
density measured in combination with total body water and total body bone mineral [100]. Steen
et al. [35] calculated body cell mass from total body potassium and total body water using
assumptions derived from young adults. This may have led to an underestimation of % BF. The
data of Norris et al. [102] were calculated from body density taking age and fatness into account.
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These gender differences were large (12.7 to 23.2%) and they were larger for the older groups
than for the younger groups. It is interesting to note that the 25th percentile levels for many
groups of women exceeded 40% BF. The values for older groups were almost always larger than
those for the corresponding younger groups. In men, the standard deviation values were small for
the GRK-M and SWE groups and relatively large for the ACA and FIL groups. The standard
deviation values were small for the CBJ, GRK-M and GRK-S women and relatively high for the
ACA women.
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Table 13.25. Reported data for estimated per cent body fat (% BF).
Men Women

Authors Age N Mean SD N Mean SD
(yr) (Median) (Median)

Svendsen et al. (1991, Denmark)75 23 21.3 5.1 23 33.7 9.9
from dual energy x-ray
absorptiometry
Melchionda et al. (1986, Italy)70-74 174 (25.3) - 225 (38.1) -
from skinfold thicknesses
Virgili et al. (1992, Italy) 70-79 10 27.1 4.1 8 39.4 4.7
from skinfold thicknesses >79 11 25.4 4.0 12 37.8 5.9
Virgili et al. (1992, Italy) 70-79 10 30.0 8.8 8 38.4 9.1
from total body water >79 11 32.2 9.5 12 39.4 10.3
D'Amicis and Ferro-Luzzi 60-97 449 16.27 - 497 39.4 -
(1992, Italy) from
skinfold thicknesses
Deurenberg et al. (1989, 70 35 31.0 4.5 37 43.9 4.3
 Netherlands) from body
density with adjustments
for age and fatness
Lowik et al. (1992, Netherlands)74 - - - 52 42.7 5.5
from skinfold thicknesses
Lowik et al. (1992, Netherlands)74 - - - 52 46.4 6.5
from impedance
Durnin & Womersley (1974,50-72 24 28.0 8.5 - - -
 Scotland) from body density50-68 - - - 37 39.0 7.6
Steen et al. (1977, Sweden) 70 49 16.1 - 56 26.6 -
from total body potassium
Norris et al. (1963, US) 70-79 21 22.8 10.5 - - -
from body density adjusted
for age and fatness
Flynn et al.(1989, US) 74 106 37.0 9.0 - - -
from total body potassium

Others estimated % BF from skinfold thicknesses using the equations of Durnin and Womersley
[106] which lead to marked underestimations. The means of Norris et al. [102] and of Svendsen
et al. [103] are lower than those in the IUNS project for groups of similar age with the exception
of the ACA men. It is also noteworthy that the standard deviations were high for the groups
studied by Norris et al. [102], and Virgili et al. [104] and Flynn et al. [32]. The reported data are
in agreement with the IUNS project data in showing larger means and medians for women than
for men.

13.15.2 Discussion

There were increases in % BF as older age groups were considered despite reported decreases in
% BF within individuals as they aged [55]. These increases could be cohort effects but are more
likely to reflect selective mortality because, as noted earlier, low weight and low values for the
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body mass index are associated with increased mortality rates in the elderly.

13.16 TOTAL BODY FAT (TBF, KG)

The IUNS medians for total body fat for men aged <70 years were 13.8 kg in the FIL group and
18.3 kg in the CBJ group. For men aged 70-79 years, the medians ranged from 17.7 kg (CTJ-U),
which is suspect, to 25.0 kg (GRK-M) and those for men older than 80 years ranged from 10.7
kg (CTJ-R) to 25.6 kg (GRK-M) (Table 13.26). The medians for women younger than 70 years
ranged from 21.7 kg for the FIL group to 25.6 kg for the CBJ group. For women aged 70 to 79
years, the medians ranged from 24.0 (CTJ-U) to 32.6 (GRK-M) while those for women older
than 80 years ranged from 18.2 kg (CTJ-R) to 31.0 kg (GRK-M). The medians for the women
were consistently larger than those for the men.

These gender differences were small for the younger SWE groups (2.6 kg) but large for the
younger CTJ-R groups (9.0 kg). The differences in medians between older and younger groups
were inconsistent in size and direction even within ethnic groups. This difference was
particularly large for CTJ-R women for whom the younger median was the larger by 3.1 kg.

The standard deviations were usually larger for women than for men. They tended to be larger
for younger than for older groups of women but the gender differences for men were
inconsistent. The standard deviations were particularly large for GRK-M older women and
GRK-S younger men.
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Table 13.26. Descriptive statistics for estimated total body fat (TBF, kg).
Men Women

Groups and Ages N Mean SD Median N Mean SD Median
ACA 70-79 yr 41 23.0 5.6 23.2 36 29.6 4.7 30.4
ACA >80 yr 5 21.8 3.4 21.9 6 29.0 4.7 29.1
CBJ <70 yr 77 19.2 6.3 18.3 122 26.1 7.3 25.6
CBJ >70 yr 73 12.8 3.8 12.3 79 20.1 5.1 21.3
CTJ-R >80 yr 10 10.5 4.3 10.7 19 19.7 4.7 18.2
CTJ-U 70-79 yr 107 18.3 5.7 17.7 102 24.2 6.6 24.0
CTJ-U >80 yr 19 17.3 5.8 18.4 32 24.5 5.9 24.8
FIL <70 yr 33 13.7 5.9 13.8 105 22.4 6.5 21.7
FIL >70 yr 40 12.6 5.8 11.8 93 21.4 6.2 20.6
GRK-M 70-79 yr 64 25.5 5.9 25.0 59 33.7 6.7 32.6
GRK-M >80 yr 28 25.0 5.9 25.6 35 31.1 7.8 31.0
GRK-S 70-79 yr 26 24.8 7.8 23.6 20 30.6 6.0 29.1
GRK-S >80 yr 15 22.1 5.1 22.1 9 30.3 4.9 30.6
SWE 70-79 yr 51 23.3 5.8 23.3 75 26.7 7.0 25.9
SWE >80 yr 19 23.5 6.0 22.4 59 27.3 6.1 27.7

13.16.1 Comparisons with reported data

The IUNS medians for TBF in groups of European ancestry are considerably higher than those
reported by Svendsen et al. [103] and Norris et al. [102] for groups in Denmark and the US
respectively. Similarly, the IUNS medians for total body fat in women of European ancestry are
higher than the median reported by Svendsen et al. [103] for Danish women (Table 13.27).
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Table 13.27. Reported distribution statistics for estimated total body fat.
Men Women

Authors Age N Mean SD N Mean SD
(yr) (Median) (Median)

Svendsen et al. (1991, 75 23 14.1 7.1 23 21.7 8.8
Denmark) from dual energy
x-ray absorptiometry
Virgili et al.(1992, Italy) 70-79 10 18.0 - - - -
from skinfold thickness >79 11 15.2 - 12 22.6 -
Virgili et al.(1992, Italy) 70-79 10 20.0 - - 19.2 -
from total body water >79 11 24.0 - 12 23.7 -
Steen et al.(1977, Sweden) 70 49 12.5 6.5 56 18.1 7.2
from total body potassium
Norris et al. (1963, US) 70-79 21 16.2 - - - -
from densitometry with
adjustments for age and
fatness

13.16.2 Discussion

It is not surprising that the IUNS means for TBF in the elderly were larger for women than for
men; it is well-known that such differences are present from soon after birth. The inconsistent
differences between the medians for younger and older groups in the IUNS project may reflect
selective mortality and cohort effects. Data for changes in TBF within elderly individuals are
scarce. Steen [105] did not find changes after 70 years of age in a group of Swedish men; there
was a decrease of only 0.9 kg in TBF from the younger to the older medians in the IUNS data for
SWE groups. Parízková and Eiselt [55] reported decreases of about 1.0 kg in TBF during 8 to 10
years in Czechoslovakian men aged 70-80 years at entry.

13.17 FAT-FREE MASS (FFM, KG)

The median values for fat-free mass (FFM) in the IUNS groups for men aged <70 years were
46.9 kg for the CBJ group and 44.2 kg for the FIL group. The lowest and highest medians for
men aged 70-79 years were 41.8 kg (CTJ-R) and 52.9 kg (SWE) respectively. In men older than
80 years, the medians ranged from 36.7 kg (CTJ-R) to 50.3 kg (GRK-M and SWE) (Table
13.28). The medians for women younger than 70 years were 35.2 kg in the CBJ group and 29.2
kg in the FIL group.
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Table 13.28. Descriptive statistics for estimated fat-free mass (FFM, kg).
Men Women

Groups and Ages N Mean SD Median N Mean SD Median
ACA 70-79 yr 41 51.7 5.0 52.4 36 37.2 4.7 36.9
ACA >80 yr 5 46.4 2.3 46.4 6 32.1 4.7 33.0
CBJ <70 yr 77 47.5 5.2 46.9 122 35.8 5.5 35.2
CBJ >70 yr 43 44.5 5.9 44.5 53 30.9 4.3 30.7
CTJ-R 70-79 yr 73 41.9 3.9 41.8 79 27.6 4.4 27.7
CTJ-R >80 yr 10 36.6 3.6 36.7 19 23.2 4.4 22.7
CTJ-U 70-79 yr 107 47.6 4.8 47.2 102 31.1 5.2 30.5
CTJ-U >80 yr 19 44.0 4.3 44.5 32 27.5 5.1 27.3
FIL <70 yr 33 43.1 4.0 44.2 105 29.7 5.7 29.2
FIL >70 yr 40 38.8 6.0 38.2 93 25.3 5.7 25.0
GRK-M 70-79 yr 64 50.9 5.5 50.3 59 35.2 5.0 36.0
GRK-M >80 yr 28 47.3 5.7 47.5 35 30.4 6.4 29.8
GRK-S 70-79 yr 26 50.9 6.4 49.6 20 34.1 5.1 34.2
GRK-S >80 yr 15 45.9 5.0 45.3 9 30.9 3.7 30.8
SWE 70-79 yr 51 53.6 5.0 52.9 75 35.8 5.3 35.0
SWE >80 yr 19 50.8 5.0 50.3 59 32.4 5.1 32.4

In women aged 70-79 years, the medians ranged from 25.0 kg (FIL) to 36.9 kg (ACA) while in
women older than 80 years the medians ranged from 22.7 kg (CTJ-R) to 32.4 kg (SWE). All the
ethnic-specific medians for men exceeded the corresponding values for women within both
younger and older groups. These differences ranged from 13.8 kg (CBJ older) to 17.9 kg (SWE;
younger, older). Additionally, the means of the older groups were consistently smaller than those
of the younger groups within each gender. These differences were relatively small for the SWE
groups (2.6 kg, men; 2.6 kg, women) but were large for GRK-M women (6.2 kg). The
differences between the genders in the standard deviations were inconsistent.

13.17.1 Comparisons with reported data

There are few reports of FFM in the elderly and the results from some studies may have been
influenced by systematic errors. Steen et al. [35] reported means for Swedish groups aged 70
years of 53.6 kg (men) and 40.3 kg (women). These values are similar to those for the younger
IUNS groups from Sweden (52.9 kg, men; 35.0 kg, women). Any differences may reflect the
older age of the IUNS groups (about 5 years) errors of the predictive equations and the method
used to Steen et al. [35] to calculate FFM may have led to overestimates. Virgili et al. [104]
reported data for small Italian groups that allow the calculation of fat-free mass. One set of
Virgili calculations were based on total body water and could be presumed to be accurate.

The means were 46.5 kg for men aged 70-79 and were 45.8 kg for men and 36.5 kg for women
older than 79 years (Table 13.29). In comparison with the IUNS data for groups of European
ancestry, the Virgili means for younger men are slightly low but those for older men are similar
to the IUNS values. The Virgili means for women aged more than 79 years are considerably
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higher than the corresponding values from the IUNS project for groups of European ancestry.
Virgili et al. [104] also reported FFM calculated from skinfold thicknesses using the equations of
Durnin and Womersley[106]. The means were similar to those obtained from total body water.

Food Habits in Later Life 409 Auscript InfoDisk



Table 13.29. Reported data for estimated fat free mass (FFM, kg).
Men Women

Authors Age N Mean SD N Mean SD
(yr) (Median) (Median)

Virgili et al.(1992, Italy) 70-79 10 48.5 - - - -
from skinfold thickness >79 11 44.6 - 12 37.6 -
Virgili et al. (1992, Italy) 70-79 10 46.5 - - - -
from total body water >79 11 45.8 - 12 36.5 -
D'Amicis & Ferro-Luzzi 60-97 449 46.5 6.5 497 38.3 6.0
(1992, Italy) from skinfold
thicknesses
Deurenberg et al. (1990, 70 35 52.0 6.6 37 38.1 4.1
Netherlands) from body
density with adjustments
 for age and fatness
Flynn et al. (1992, US) 71-80 105 50.0 11.0 - - -
from total body potassium

D'Amicis and Ferro-Luzzi [64] reported means and standard deviations for FFM in large samples
of Italians aged 60 to 97 years. These values, which were obtained from skinfold thicknesses
using the equations of Durnin and Womersley [106], are difficult to interpret because of the wide
age range. The means and standard deviations are, however, similar to those for groups aged
70-79 years of European ancestry in the IUNS project. In the data of Virgili et al. [104] and
D'Amicis and Ferro-Luzzi [64], the means for men exceed those for women. Additionally, in the
data of Virgili et al. [104] the means for older groups are smaller than those for younger groups.

13.17.2 Discussion

The smaller values for FFM in older than in younger groups may reflect cohort differences or
selective mortality but they could be influenced also by changes in individuals with ageing. In
Czechoslovakian men studied for 8 to 10 years and aged 70-80 years at entry, Parízková and
Eiselt [55] found small decreases (mean 0.44 kg) in those who were physically active and larger
decreases (mean 1.58 kg) in those who were physically inactive. These decreases in FFM are
largely due to reductions in the muscle mass of the limbs; ageing is not associated with decreases
in the FFM of the trunk [85].

13.18 NORTHERN CHINA

The data from Northern China are for ages 70-82 years with a mean age of about 72 years. They
can be compared with data from the older CBJ groups and the younger CTJ-R and CTJ-U groups
in the IUNS project, but any conclusions must be tentative because of the wide age range and
small sample sizes. The mean statures for Northern Chinese groups of men are similar to those
for Chinese groups in the IUNS project, but means for the Northern Chinese women tend to be
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small compared with the CBJ, CTJ-R and CTJ-U groups. When urban groups are compared (BX
vs CBJ and CTJ-U), the means for Northern Chinese men are intermediate between those from
the IUNS project but those for women are lower than the IUNS means. The medians for weight
from the North China groups are similar to those for IUNS groups of Chinese men (older CBJ,
younger CTJ-R and CTJ-U) but tend to be larger than the IUNS data for Chinese women.

13.19 JAPAN (JPN)

These Japanese groups were measured in Okazaki, Hiroshima and Yokohama are referred to as
JPN-O, JPN-H and JPN-Y, respectively. Only the data from the JPN-O group have been
separated into age groups matching those in the IUNS project. For the JPN-O group, the mean
statures are smaller than those for the IUNS Chinese and Filipino groups but similar to the
medians for the FIL groups. When the data from the Japanese groups are combined for all ages,
there are only small differences between the medians by group within gender. The medians for
weight in the JPN-O group, in each gender, for those aged 70-79 or 80+ years were markedly
smaller than those for the CBJ and CTJ-U groups but similar to those for the CTJ-R and FIL
groups. When data from all ages were combined, the medians from the three Japanese groups
were closely similar for women. However, in men, the JPN-H group median was considerably
larger than in the other groups.

The medians for BMI in the JPN-O group are close to the centre of the range for IUNS Asian
groups. When all ages were combined, the medians for the JPN-O men and women were
considerably larger than those of the other Japanese groups with the exception of the median for
men in the JPN-H group. When all ages were combined, the medians for waist circumference
were similar for all groups within each gender except for larger values in JPN-H men and
smaller values in JPN-Y women. The data for the JPN-O groups are similar to those from the
CTJ-R groups but smaller than those from the CTJ-U groups.

The median hip circumferences from the JPN-O groups were smaller than those from the CTJ-U
groups but larger than those from the CTJ-R groups. There were only small differences in
median hip circumferences between the Japanese groups when all ages were combined. The
median waist-hip ratios from the JPN-O group closely matched those from the CTJ-R and CTJ-U
groups. Among the Japanese groups, the medians varied little except that the median for the
JPN-Y group of women was considerably smaller than those for the other groups of women.

3.20 NEW ZEALAND (NZ-MOS)

Selected descriptive statistics for data collected in Mosgiel (New Zealand; NZ-MOS) are
presented in Tables 13.30-13.35. The design of this study was described by Campbell and Borrie
[107]. The NZ-MOS medians for the body mass index are similar for the two genders and they
are smaller for the older groups than for the younger groups. These medians are considerably
smaller than those for the GRK-M and GRK-S groups in the IUNS study but they are larger than
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the medians for the SWE groups. The standard deviations of BMI did not vary with age in the
NZ-MOS data but they were larger in women than in men. These standard deviations are similar
to those for IUNS groups of European ancestry. BMI values <19.9 kg/m2 were more common
(13.1%) in older women than in younger women (6.8%) or in either age group of men. BMI
values >30.0 kg/m2 were more common in women than men and were more common in younger
women (19.3%) than in older women (13.1%).

The median values for the waist-hip ratio were higher in men than women. However, in each
gender, there were only slight differences between the medians for younger and older groups. In
comparison with the medians for IUNS groups of European ancestry, the NZ-MOS medians are
close to those for GRK-S and SWE men but are slightly lower than those for GRK-M men. The
NZ-MOS medians for women are considerably lower than those for the GRK-M and GRK-S
groups in the IUNS project but similar to those for the SWE group. The standard deviations from
the NZ-MOS data are similar to those for the IUNS men but larger than those for women.
Waist-hip ratio values >0.9 occurred in 81.3% of the younger men and 76.3% of the older men in
the NZ-MOS study and values >0.8 were present in 75.5% of the younger women and 80.6% of
the older women.

The NZ-MOS medians for arm muscle area (cm2) are considerably larger for men than women.
The medians for men and women are similar to the corresponding medians for the SWE group
but smaller than those for the GRK-M and GRK-S groups. The NZ-MOS medians for older
groups are smaller than those for younger groups within each gender. Corresponding differences
of similar magnitude were seen in the IUNS data except for a smaller difference between age
groups of SWE men and a larger difference between age groups of GRK-M women.
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Table 13.30. Descriptive statistics for body mass index (kg/m2) from the Mosgiel study
(New Zealand, NZ-MOS).

Men Women
70-79 yr >80 yr 70-79 yr >80 yr

Number 202 75 322 152
Mean 26.1 25.0 26.2 24.8
SD 7.0 3.5 4.8 4.4
5% 19.9 19.8 19.1 18.4
25% 23.7 22.7 22.6 22.1
50% 26.3 24.6 26.1 24.6
66% 27.7 26.1 28.0 26.1
95% 31.0 31.2 34.6 32.1

Table 13.31. Percentage prevalences of body mass index categories from the Mosgiel
study (New Zealand, NZ- MOS).

Men Women
70-79 yr >80 yr 70-79 yr >80 yr

<19.9 kg/m2 5.4 5.3 6.8 13.1
20-25 kg/m2 32.2 49.3 34.8 41.8
25.01-29.9 kg/m2 53.0 40.0 39.1 32.0
>30 kg/m2 9.4 5.3 19.3 13.1
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Table 13.32. Descriptive statistics for waist-hip ratio from the Mosgiel study (New
Zealand, NZ-MOS).

Men Women
70-79 yr >80 yr 70-79 yr >80 yr

Number 203 76 323 164
Mean 0.96 0.94 0.86 0.88
SD 0.06 0.05 0.18 0.18
5% 0.84 0.86 0.75 0.76
25% 0.92 0.90 0.80 0.81
50% 0.96 0.95 0.84 0.86
66% 0.99 0.97 0.87 0.89
95% 1.05 1.03 0.97 1.01

Table 13.33. Percentage prevalences of waist-hip ratio categories from the Mosgiel study
(New Zealand, NZ-MOS).

Men Women
70-79 yr >80 yr 70-79 yr >80 yr

<0.9 18.7 23.6 - -
>0.9 81.3 76.3 - -
<0.8 - - 24.55 19.4
>0.8 - - 75.5 80.6
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Table 13.34. Descriptive statistics for arm muscle area (cm2) from the Mosgiel study (New
Zealand, NZ-MOS).

Men Women
70-79 yr >80 yr 70-79 yr >80 yr

Number 200 75 324 163
Mean 50.9 44.3 41.4 38.4
SD 10.1 7.8 9.8 9.7
5% 33.6 33.1 27.0 24.2
25% 44.2 38.0 34.4 31.6
50% 50.6 43.7 41.0 38.0
66% 55.0 47.6 45.0 42.3
95% 68.6 60.4 58.1 54.8

Table 13.35. Percentage prevalences of body mass index categories from the Adelaide
study (Aust-A).

Men Women
70-79 yr >80 yr 70-79 yr >80 yr

Number 171 30 196 42
<19.9 kg/m2 7.6 16.7 19.4 28.6
20-25 kg/m2 56.7 53.3 49.0 42.9
25.1-29.9 kg/m2 28.1 23.3 24.0 26.2
>30 kg/m2 7.6 6.7 7.7 2.4

The standard deviations of the NZ-MOS values are similar to those for IUNS groups of
European ancestry.

13.21 AUSTRALIANS IN ADELAIDE (AUST-A)

Stature data from the Adelaide Study are presented in Table 13.3. The means exceed those for
the IUNS groups except that the SWE means for men are larger and the SWE means for women
are closely similar. The means for men exceed those for women by 12.7 and 14.0 cm in the
younger and older groups respectively. In each gender, the mean for the older group is smaller
than that for the younger group; this difference is 1.8 cm for men and 2.6 cm for women. In the
AUST-A study, small values for BMI (<19.9 kg/m2) were more common in women than men
and were more common for older than for younger groups. In the same study, large BMI values (
>30 kg/m2) were uncommon and had similar percentage prevalences in younger men and women
but the prevalences were higher in older men than in older women. These data were self-reported
and therefore it is expected that stature would be over-reported and weight would be
underreported and thus values for BMI would be reduced [108,109].
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13.22 CONCLUSIONS AND RECOMMENDATIONS

The IUNS project was a first step to determine the relationships between food habits and health
in many groups of elderly people. This project has provided important cross-sectional data and it
has served an important educational function in communities where public health research is
uncommon. African, American and Indian groups should be included in the next phase and
strenuous efforts should be made to improve the sampling strategy and to increase the sample
sizes, particularly for elderly men. The subjects included in Phase 1 should be followed-up to
document changes in recorded values, ages at death, and causes of death. Specific
recommendations for anthropometry in any extension of the project include the establishment of
formal criteria to ensure stature measurements are meaningful, e.g., exclusion of those unable to
assume the standard position. Knee height should be measured because of its close relationship
to stature in young adults and in the elderly. During the planning period, the best equations for
the prediction of body composition should be selected and the independent variables should be
included in the protocol. These will, almost certainly, include bioelectric impedance.
Anthropometric training should be provided in a central location and data collection should be
computer-assisted to allow continuous monitoring of observer differences and extreme values
and to determine what further training is indicated. These improvements in data collection,
together with better sampling, should ensure that the results can be tested meaningfully for
statistical significance and that the findings are more widely comparable.

13.23 SUMMARY

• GRK-M women had the highest mean body mass index (BMI 30), followed by GRK-S
women (BMI 29) and ACA women (BMI 27). The remaining Caucasian elderly of both
genders had average BMIs of 25. Filipino and Chinese elderly had average BMI between
20-22, the rural Chinese having the lowest BMI of all study communities (BMI 19).

• Overall, women tended to have higher BMIs than the men, and young elderly had higher
BMIs than their older counterparts.

• Waist circumference was measured at the level of the umbilicus and hip  circumference as
the maximum circumference over the buttocks.

• The GRK and ACA women had the highest average waist hip ratios (WHRs  about 1.1)
compared with the SWE (about 0.8) and CTJ women (about 0.9) and the men. The men in
all study communities had average WHRs between 0.9 and 0.95.

• Percent body fat was calculated using the Deurenberg equation:
FFM (fat free mass) = 0.282*S + 0.395*W + 8.4*sex - 0.144*age - 23.6
S = stature (cm), W = weight (kg), sex = 1 men, 0 women, age (years).
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TBF (total body fat) = weight - FFM; % body fat = TBF/ weight*100

• Average % body fat ranged between 43-50% in women and between 25-35% in men.
GRK-M women had the highest mean % body fat (48%), followed by GRK-S women
(47%) and ACA women (45%). SWE, CTJ and FIL women had about 43% average body
fat.

• The Caucasian men all had average % body fat of about 33%. The Asian men appeared to
have markedly lower average percentages of body fat (23%).
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13.25 ILLUSTRATIONS

Photo 13.1. Spata, Greece (1988): a man in his early 80s with  abdominal obesity, also
common amongst women.

Photo 13.2. Melbourne, Australia (Greek) (1990-1991): women in  their early 80s with
abdominal obesity or high waist-hip  ratios.
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