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STELLINGEN

1. Antropometrie en bio-elektrische impedantie zijn niet bruikbaar om de
lichaamssamenstelling van ouderen op individueel niveau te schatten.
Dit proefschrift
2. Nacorrectievoorverschillen inlichaamssamenstelling hebben lichamelijk
actieve ouderen eenzelfde energieverbruik in rust als inactieve ouderen.
Dit proefschrift
3. De door voeding geinduceerde thermogenese is niet direct gerelateerd
aan leeftijd.
Dit proefschrift
4. Roken en een laag activiteitenpatroon zijn geassocieerd met een
abdominale vetverdeling.
O.a. dit proefschrift
5. Voedselconsumptiemethoden onderschatten de energie-inneming van
ouderen.
O.a. dit proefschrift
6. Het bevorderen van een goede voedingsstatus bij ouderen vergt meer
dan het produceren en verstrekken van nutrient-verrijkte voedingsmiddelen.
7. Het stereotiepe beeld van ouderen is aan verjonging toe.
8. De toenemende prevalentie van overgewicht in westerse landen wordt
voornamelijk veroorzaakt door een afname van lichamelijke activiteit.

9. Oestrogenen dienen alleen aan vrouwen van middelbare leeftijd te
wordenvoorgeschreven ter behandeling van perimenopauzale klachten.
10. Het automatiserenvanmeetopstellingentijdens promotieonderzoek leidt
niet altijd tot kostenbesparing en tijdwinst.
1 1 . Aan de Landbouwuniversiteit Wageningen kan het begrijpen van de
indeling van het promotiereglement beschouwd worden als een eerste
toetsing tot het behalen van de doctorsgraad.
12. Vrouwen met overgewicht eneengluteaal-femoralevetverdeling hebben
een verhoogde kans op het dragen van een "legging".
13. Datvele Nederlanders deinrichting van het huis opongeTnspireerde wijze
laten bepalen door het aanbodvan landelijke huishoudwinkelketens blijkt
uit het veelvuldig voorkomen van houten ganzen achter de ramen.

Stellingen behorendbij het proefschrift:
Body composition andenergymetabolism in elderlypeople
vanMarjoleinVisser
Wageningen,6September1995

Aan Jan enAns Visser

ABSTRACT

BODY COMPOSITION A N D ENERGY METABOLISM IN ELDERLY PEOPLE
PhD thesis by Marjolein Visser, Department of Human Nutrition,

Wageningen

Agricultural University, Wageningen, The Netherlands. September 6, 1995.

This thesis describes several studies related to the three components of energy
balance in elderly people: body composition, energy expenditure, and energy
intake.
Body composition.

The applicability of the body mass index, skinfold thickness

method, and multi-frequency bioelectrical impedance was tested inelderly men and
women. The first t w o methods predicted body fat inelderly people on agroup level
with a mean prediction error of 5%. The impedance method predicted total body
water (at 50 kHz) and extra-cellular water (at 5 kHz) with a mean prediction error
of 8-9%. Individual predictions should be interpreted carefully. Data from 2341
elderly men and women showed that smoking and physical inactivity were
associated with a more abdominal fat distribution in men but not in women.
Energy expenditure. To investigate the possible changes inenergy expenditure with
aging, energy expenditure at rest (RMR), after a meal of 1.3 MJ (DIT), and during
physical activities was measured in elderly men and women and compared with
values of young subjects. RMR was lower in elderly subjects, which could not be
explained by differences in body composition or fat distribution. No relation
between DIT and age 'per se' was observed. The energy costs of several physical
activities, performed at aself-selected pace,were similar ascompared to reference
values based on young subjects.
Energy intake. The reported energy and protein intake of elderly women, obtained
by the dietary history method, was validated using measurements of total energy
expenditure and urinary nitrogen excretion. An underestimation of 10-12% of the
dietary intake was observed.
These studies suggest that the decreasing energy requirement with aging is
explained by a decrease in RMR, DIT and possibly a lower physical activity level.
The decrease is partly explained by changes in body composition.
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CHAPTER 1

GENERAL INTRODUCTION
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Chapter 1

The number of elderly people (65 years of age and older) is increasing rapidly in
developed countries as well as in developing countries. In 1930 6 . 2 % of the Dutch
population was 65 years and older. This percentage increased to 1 0 . 2 % in 1970
and is prognosticated to be 14.9% in 2010 [1]. These data reflect the changing
age distribution in most western countries.
The demands of health care of an older population will require growing attention
by all health care professionals. The prevalence of chronic disease is high in older
people and is, like many other health problems, directly or indirectly related to
nutritional status. Not only problems concerning the adequacy of micro- and
macronutrient intake, but also the adequacy of energy intake need to be
considered. The prevalence of low body weight and weight loss is high at older
age, especially among institutionalized elderly people [2-5]. On the other hand, an
increasing prevalence of overweight can been observed in elderly people.
According to the recent Health and Nutrition Survey, 41% of American men and
women between the ages 60 and 74 are overweight, as indicated by a body mass
index of 28 kg/m 2 or more [6]. Inthe Netherlands about 9% of the elderly men and
about 16% of the elderly women have abody mass index of 30 kg/m 2 or more [7].
Both underweight and overweight are associated with higher morbidity and
mortality risk in elderly people [8-11].
Underweight and overweight are the result of a net change in energy balance.
Figure 1 shows schematically the three components of energy balance: energy
intake, body composition and energy expenditure, which are closely interrelated

ENERGY
INTAKE

HEALTH
STATUS

BODY
COMPOSITION

Figure 1 .The energy balance equation in schematic form.
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General introduction
and related to health status. An energy intake higher than energy expenditure will
generally lead to a positive energy balance and to the accumulation of body fat. A
low energy intake compared to energy expenditure will lead to a negative energy
balance and to weight loss. In the following paragraphs a brief overview of the
three components of energy balance will be given. In addition, changes with
increasing age in each of these components will be discussed.

BODY COMPOSITION
Methods for assessing body composition
Direct and indirect methods are used to measure body composition. Direct
measurements quantify acompartment of the body directly, e.g., deuterium oxide
dilution for total body water. At present there is no direct method to quantify total
body fat directly in vivo. Several indirect approaches have been developed based
on known relations between fat and other directly measured compartments
[12,13].
The simplest indirect approach is the two-compartment model in which the body
is divided into t w o major compartments, the fat-free mass and fat mass. Three
classic examples of the two-compartment model are body density (underwater
weighing) [14], total body water (isotope dilution) [15], and total body potassium
(40K counting) [16]. More compartment models have been developed, like the
three-component model based on total body water and body density [17].
Recently, four-component models based either on a combination of total body
water (isotope dilution), body density (underwater weighing) and total body bone
mineral (dual-photon absorptiometry), or based on a combination of total body
water (isotope dilution), total body nitrogen and total body calcium {y
neutron-activation analysis) have been developed [18].
An overview of body composition methods is shown in Table 1. The methods vary
largely in cost, technical difficulty (and training of the observers), cooperation of
the subjects, and accuracy [12]. For use in field studies, methods should be simple
and inexpensive. Furthermore, for some populations such as elderly people,
methods should be non-invasive and should require minimal cooperation by the
subjects.

13
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Table 1 . Methods for determining human body fat.

Water Deuterium
Potassium
Creatinine
Densitometry
Skinfold thickness
Neutron activation
Photon absorptiometry
Body mass index
Bioelectrical impedance
Computed tomography
Ultrasound
Magnetic resonance

cost

technical
difficulty

2
4
2
3
1
5
4
1
2
5
3
5

3
4
3
4
2
5
4
1
1
5
3
5

subject
cooperation

4
2
4
5
3
2
2
1
1
2
2
2

accuracy
% fat

3
3
1
5
2
5
4
2
3
4
3
4

* Partly based on Lukaski [12], 1 = least and 5 = greatest.

Table 1 shows that measurements of body mass index, skinfolds thickness, and
body impedance are relatively low in cost, are technically simple, require little
subject cooperation and thus are practical to use in a field situation. These
methods could therefore beextremely useful for application in anelderly population
in both large epidemiologic studies as well as laboratory studies.
Body mass index. Using body weight as an indicator of body composition is not
optimal, since individuals with different body weights can differ in height.
Therefore, in 1842 Lambert-Adolf-Jacques Quetelet proposed the Quetelet Index,
defined as weight (in kilogram) divided by height (in meters) squared,as a measure
of weight corrected for height [19]. This index is nowadays referred to asthe body
mass index and is highly correlated with body fat mass and percentage body fat
[20-22].
Skinfold thickness. Measurements of the fat tissue layer just beneath the skin at
several well defined locations of the body using a skinfold calliper are used as an
indicator of total body fatness. The skinfold method reliesont w o assumptions: the
thickness of the subcutaneous adipose tissue reflects aconstant proportion of the
total body fat and the sites selected for measurement represent the average
thickness of the subcutaneous adipose [23].
Body impedance. The bio-electrical impedance method relies onthe fact that intraand extracellular body fluids behave as electrical conductors and cell membranes
14
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act as imperfect reactive elements. Two gel electrodes are placed on the hand and
t w o on the foot. The impedance analyzer delivers a current at a frequency of 50
kHz via the electrodes and detects the voltage drop which is a measure of body
composition [24,25]. Recently developedbioelectrical impedance equipment isable
to measure resistance, impedance, reactance and phase angle at various
frequencies, ranging from 1 to 1350 kHz. At low frequencies (1 to 5 kHz) the
current mainly passes through the extracellular fluids, while at higher frequencies
(100 to 1000 kHz) the current penetrates the cell membranes and thus measures
total body water (intra- and extracellular fluids) [26-28].
Prediction equations have been developed to estimate body composition by using
measurements of body mass index, skinfold thickness and impedance. These
equations have been developed and validated predominantly in young and
middle-aged populations using underwater weighing or isotope dilution as a
reference method. Due to the changes in body composition with aging, which will
be discussed below, the applicability of these prediction equations to an elderly
population can be questioned [29,30]. Inthis thesis the applicability of body mass
index, skinfold thickness and impedance was tested in a population of elderly men
and women (Chapter 2 and 3).
Changes in body composition with age
Height. Older people are generally shorter than younger people [31]. This is partly
due to a secular trend in height, but also due to a shrinkage of the spine with
increasing age. This shrinkage with age is due to the loss in vertebral bone,
kyphosis and scoliosis [32]. Due to the increased rate of loss of bone mass after
menopause in women, the decline in stature is larger in women than men [33].
Body weight. Most studies show an increase in body weight from middle age to
old age in healthy elderly subjects [31]. However, at very old age a decrease in
body weight is observed [34]. Whether this weight loss is a result of agingper se
or illness is difficult to separate. Several studies reported a relationship between
weight loss and mortality in elderly people [8,9,35].
Fat-free mass. Several longitudinal studies show a decrease in fat-free mass with
age [36-38]. A decrease in 24-hour creatinine excretion, an index of muscle mass,
has been observed in healthy men followed for 11 years [37]. A slow decrease in
lean body mass, as determined by 40K counting, was observed during adult life
[34,36,39]. The average rate of loss is about 3 kg per decade [40]. In addition,
15
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many cross-sectional studies show a lower fat-free mass, muscle mass, and body
cell mass in older compared with younger subjects [41-43]. Part of the loss in fatfree mass might be caused bythe decrease in physical activity levelwith increasing
age [44-47]. Physical activity has been associated with fat-free mass [48] and
training studies in elderly people show an increase in fat-free mass [49-51].
Fat mass and fat distribution. Body fat percentage increases with increasing age
[52]. Not only the amount of fat, but also the distribution of fat changes with age.
Measurements of abdominal fat and fat around and within the muscles of thigh and
upper arm made by magnetic resonance imaging or computed tomography show
a redistribution of body fat with age. Elderly people have relatively more fat
accumulated around the abdomen and less fat at the extremities [52-56]. In
women total body fat and abdominal fat may increase especially after menopause,
starting in the perimenopausal years [57]. In chapter 4 the relationship between
t w o behavioral factors, smoking and physical activity, and body fat distribution
was investigated in elderly men and women.

ENERGY EXPENDITURE
Total energy expenditure consists of three major components. The main
component is the resting metabolic rate (RMR) which accounts for about 7 0 % of
the total energy expenditure. The resting metabolic rate is the energy expended
when the body is at rest totally and is measured under strictly standardized
conditions. The RMR is measured when the subject is in the fasting state,
physically and mentally at rest (but not asleep), in a supine position, and staying
in a thermo-neutral environment. The second compartment of total energy
expenditure is the energy expended during physical activity. This part usually
accounts for 2 0 - 3 0 % of the total energy expenditure and varies largely between
individuals [58]. The third part is the diet-induced thermogenesis (DIT) or
sometimes called meal- or food-induced thermogenesis. This is the rise in energy
expenditure after the consumption of a drink or a meal. It reflects the amount of
energy needed for the ingestion, digestion, absorption, processing, and storage of
the energy-yielding nutrients. The DIT is about 10% of the total energy expenditure
in young adults, depending on the composition of the meal.

16
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Resting metabolic rate
The RMR is largely determined by body composition. The fat-free mass, which
contains the metabolic active organs like the brain, heart, liver, and metabolic
active tissue like muscle cell mass, is the most important factor influencing RMR
[59-61]. Although fat mass is metabolically inactive, it may also contribute to
RMR, especially in the obese [60,62-65]. Other factors have been reported to
influence RMR, such as physical activity level [66-69], body fat distribution
[64,70], menstrual cycle [71], and hormone levels [70,72].
RMR is known to decrease with increasing age [37,42,72-80]. Longitudinal studies
show a decrease in RMR ranging from -0.69 to - 3 . 7 % per decade [37,77]. Due to
a change in body composition with age, especially adecrease in fat-free mass, the
RMR is likely to decrease. However, whether the change in body composition fully
accounts for the age related change in RMR is still unclear. Data from most
longitudinal and cross-sectional studies show that the change in body composition
fully accounts for the change in RMR [37,42,76-78,81]. However, in some studies
the RMR of elderly subjects was still lower compared to younger subjects even
after adjustment for differences in body composition [72,77,79,80,82]. In this
thesis RMR is compared between young and elderly men and women. Additionally,
the relationship between RMR and body composition, fat distribution and physical
activity level was studied (Chapter 5).
Energy expenditure during physical activity
Physical activity level is known to vary greatly among people [58,83]. Since
physical activity decreases with age, its contribution to total daily energy
expenditure will decrease [44-47]. To quantify the level of physical activity the
physical activity ratio (PAR) or physical activity index (PAD is often used. It is
calculated by dividing total daily energy expenditure by the resting metabolic rate.
For healthy adults in industrialized countries the mean PAR over a day is about
1.6-1.8. The Food and Agricultural Organization / World Health Organization /
United Nations University (FAO/WHO/UNU) reference value for elderly persons is
1.5 [84]. However, for certain groups of healthy, elderly people this value of 1.5
might be too low. Mean PAR values up to 1.8 have been recently reported in the
literature [85,86].
Previous studies show a higher PAR for strenuous activities (like walking on a
treadmill at afixed speed) in elderly subjects compared to young and middle-aged
17
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subjects [87-89]. These findings suggest that the daily PAR for elderly people may
be high due to the high energy costs for physical activities. In chapter 6 of this
thesis, energy expenditure during several physical activities was measured in
elderly women and compared with the FAO/WHO/UNU reference values for
activities.
Diet-induced thermogenesis
The primary determinants of the diet-inducedthermogenesis arethe energy content
and nutrient composition of the meal [82,90-92]. In addition, influences of
menstrual cycle [93], hormone levels [94], physical activity level [66,67,95,96],
body composition [97-99], and body fat distribution [64,100] on DIT have been
reported in the literature.
The results from the different cross-sectional studies investigating the relationship
between age and DIT are contradictory. Some studies report alower DIT in elderly
men compared to younger men [82,101-103], while other studies report no
significant difference [67,80,104-106]. Data on the relationship between DIT and
age in women have never been reported. A study on the DIT in young and elderly
men and women is described in chapter 5 of this thesis.

ENERGY INTAKE
Many different methods have been developed to assess dietary intake [107]. An
accurate assessment of food intake is necessary to evaluate the adequacy of the
diet and may help to estimate energy requirements. Furthermore, the intake of
energy and nutrients arestudied to investigate their relationship with morbidity and
mortality [108].
Several studies investigated the dietary intake of elderly populations in the
Netherlands. Table 2 shows the energy intake of healthy elderly women and men
from several studies carried out in the Netherlands.
Previous studies have shown that energy intake decreases with increasing age
[44,80,111,115]. The results of the Dutch National Food Consumption Survey
1992 [114] also show a lower energy intake in older age groups compared to
younger agegroups.The observed decrease inenergy intakevaries widely between
18
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longitudinal studies: from -53 to -1898 kJ per decade [11,115,116]. Results from
cross-sectional studies suggest a decrease from -25 to -417 kJ per decade
[44,80,109,114-117]. Partof these differences areprobably caused by differences
in study population and dietary assessment methodology.
Assessing dietary intake of elderly subjects reveals some specific problems [118].
The 24-hour recall might be unreliable in elderly people due to a decline in
short-term memory with age [119] and a weighed dietary record can be difficult
to complete. The dietary history method seems a suitable method for elderly
subjects since it requires limited effort by the subjects and does not depend on
shortterm memory [120]. Validation of the weighed dietary record method against
total energy expenditure showed an underestimation of energy intake by 10-31%
in elderly subjects [83,86,121]. Studies investigating the validity of other dietary
assessment methods in elderly subjects, using objective reference methods like
urinary nitrogen excretion or total energy expenditure, are limited [122]. A
validation study of the dietary history method in elderly women, using
measurements of total energy expenditure as reference method, is described in
chapter 7.

Table 2 . Energy intake of Dutch elderly w o m e n and men.

Women

VCP 1987-88 [109]
Lowik et al. [110]
Kromhout et al. [111]
Moreiras et at. [112]
Voorrips et al. [113]
VCP 1992 [114]

Men

n

Age (y)

Intake (MJ)

n

Age (y)

261
269

65 +
65-80

7.8 ± 2.0
7.9 ± 1.9

227
269
315
114

65 +
65-80
65-85
70-75

-

-

-

-

124
23
25
263

70-75
60-79
60-79
65 +

7.8 ±
7.4 +
6.9 +
7.7 +

1.9
1.6 *
1.4 t
1.9

236

65 +

Intake (MJ)

10.3 ±
10.1 ±
9.4 ±
10.3 ±

2.6
2.0
2.1
2.4

-

9.7 ± 2.4

sedentary elderly, t active elderly.

19

Chapter 1

OUTLINE OF THE THESIS
The aim of the studies described in this thesis is to validate field methods for the
assessment of body composition and dietary intake in elderly men and women. In
addition, the relationship of t w o behavioral factors, smoking and physical activity,
on body composition, and the change in energy expenditure with aging was
investigated.
The applicability of three commonly usedfield methods to assess body composition
in elderly subjects is investigated and described in chapter 2 and 3. The methods
discussed are skinfolds thickness, body mass index and multi-frequency
bioelectrical impedance. The possible relationship between two behavioral factors,
smoking and physical activity, and body fat distribution is investigated in chapter
4. Data of 2341 elderly respondents fromthe Longitudinal Aging Study Amsterdam
were used to study these relationships. In chapter 5 and 6 of this thesis the three
major components of energy expenditure: resting metabolic rate, diet-induced
thermogenesis, and energy expenditure during physical activity are measured and
compared between young and elderly subjects. Factors that might directly or
indirectly influence the possible change in energy expenditure with increasing age
arediscussed. Chapter 7describes avalidation study of the dietary history method,
a method to assess dietary intake, carried out in agroup of healthy elderly women.
Reported energy intake and protein intake data were compared with measurements
of total energy expenditure and 24-hour urinary nitrogen excretion, respectively.
Chapter 8 contains ageneraldiscussion of the study results presented inthis thesis
and the overall conclusions.
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CHAPTER 2
PREDICTION EQUATIONS FOR THE ESTIMATION OF BODY
COMPOSITION IN THE ELDERLY USING ANTHROPOMETRIC
DATA
Marjolein Visser, Ellen van den Heuvel, Paul Deurenberg

ABSTRACT
To study the relationship between health and nutritional status in elderly
populations, information about body composition is essential. To collect this
information in large epidemiological studies, practical methods based on
anthropometric data must be available In the present study the relationship
between body composition, determined by densitometry, and anthropometric data
in 204 elderly men and women, aged 60-87 years, was analysed. Existing
prediction equations described in the literature, and mainly based on young and
middle-aged subjects, generally underestimated percentage body fat in the elderly
study population. Therefore, new prediction equations were developed, based on
gender and the sum of two (biceps and triceps) or four (biceps, triceps, supra-iliaca
and sub-scapula) skinfolds or the body mass index (BMI). Addition of age or body
circumferences to the models did not improve the prediction of body density.
Internal cross validation and external validation revealed that the formulas are valid
for the estimation of body density in elderly subjects. The standard error of
estimate of the three models, expressed as percentage body fat, was 5.6, 5.4, and
4 . 8 % , respectively.
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INTRODUCTION
The number of elderly people is increasing in industrialized countries as well as in
developing countries. Information about health status, and especially factors
influencing health in old age, is therefore needed. Various studies have shown a
relationship between health and nutritional status in elderly people. While studying
this relationship, information concerning body composition is indispensable [1,2].
Body fat content and distribution in elderly subjects seem to be related to risk
factors for cardiovascular disease such as high blood pressure [3,4], lower highdensity-lipoprotein cholesterol and higher triglycerides concentrations [5] and
diabetes [4,6]. Underweight and undernutrition in old age are found to be related
to higher mortality rates [7,8].
To study the effect of body composition on morbidity and mortality, large
epidemiological studies are requisite. However, commonly used methods for the
assessment of body composition such as densitometry are difficult to perform in
elderly subjects and are not suitable for field studies. Apart from that, the
densitometric method also has its limitations in elderly subjects asthe assumptions
underlying this method, i.e. a density of the fat mass of 0.900 kg/L and a density
of the fat-free mass of 1.100 kg/L, may be incorrect for elderly subjects [9]. Body
composition predicted from relatively simple anthropometric measures is more
practical.
Various prediction formulas for percent body fat based on skinfolds [10-12], body
mass index (BMI) [12-16], or both [17] have been described in the literature.
However, these formulas were mostly developed in young and middle-aged
populations [12,14-16] or rather small groups of elderly [10,11,13,17].
Both cross-sectional and longitudinal studies show that body composition changes
with aga The amount of fat in the body generally increases and relatively more fat
is accumulated internally [18-20]. Stature decreases with increasing age due to
senile kyphosis and shortening of the spinal vertebrae [2]. Therefore, prediction
formulas developed in young and middle aged subjects based on skinfolds, weight,
height or the BMI, are not likely to be valid in elderly subjects.
The aim of the present study was to investigate the relationship between body
density and anthropometric measurements in a large group of elderly men and
women, aged 60 to 87 years of age.
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SUBJECTS AND METHODS
Subjects
The study population was composed of 204 apparently healthy elderly subjects,
128 women and 76 men, aged 60-87 years. The subjects were recruited by
advertisements in local newspapers and by visiting homes and clubs for the elderly
inthe surroundings of Wageningen. All subjects completed amedical questionnaire
which was checked by a physician. Subjects taking diuretic drugs that could
influence body composition or the state of hydration and heavy smokers ( > 10
cigarettes per day) were excluded from the study. The experimental procedures
were approved by the Ethical Committee of the Department of Human Nutrition.
Characteristics of the subjects are given in Table 1.
For external validation the data of 23 elderly people, aged 62-82 years, were used.
These subjects were measured at the Department of Human Biology, University of
Limburg, using the same methodology.
Body composition
Anthropometric measurements and the measurement of the body density were
performed on the same day. Body weight was measured to the nearest 0.05 kg
using a digital scale (ED60-T; Berkel, Rotterdam, the Netherlands). Body height
was measured by means of a microtoise to the nearest 0.001 m. BMI was
calculated as body weight (kg) divided by height (m) squared.
Body density was determined by underwater weighing to the nearest 0.001 kg
(3826MP-81; Sartorius, Gottingen, Germany) with simultaneous determination of
the lung volume by a helium dilution technique (Spiro-Junior; Jaeger GmBH,
Wiirtzburg, Germany). The measurement was carried out in duplicate if possible
Body fat content (%) was calculated from density using the Siri's formula [21].
Skinfolds
Skinfolds were measured at the left side of the body to the nearest 0.002 m with
a skinfold calliper (Holtain/Tanner-Whitehouse; Holtain Ltd, Crymmych, United
Kingdom). The skinfolds were measured in triplicate at the following sites: (1)
triceps, halfway between the acromion process and the olecranon process; (2)
biceps, at the same level as the triceps skinfold, directly above the centre of the
cubital fossa; (3) sub-scapula, about 20 mm below the tip of the scapula, at an
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angle of 4 5 ° to the lateral side of the body; (4) supra-iliaca, just above the ilia
crest, inthe axillary line; (5) para-umbilica, at one-third of the distance between the
umbilicus and the lateral side of the body; (6) quadriceps, halfway between the ilia
crest and the patella in a vertical line; (7) fibula, on the fibula at the level of the
greatest circumferenca The para-umbilica, quadriceps and fibula were only
measured in a subgroup of the population. The average value of the triplicate
measurements were used in the statistical analysis. All skinfolds, and the sums of
skinfolds, were 10 log transformed to correct for a skewed distribution.
Statistical methods
Correlations between body density and other body composition variables were
calculated using Pearson's product-moment correlations. Differences between
density from underwater weighing and density predicted from skinfolds or BMI
equations were tested with paired Student's t tests. Stepwise multiple regression
analysis was used with density as the dependent variable and gender, age, BMI or
(sums of) skinfolds as independent variables. Prediction equations were developed
in t w o groups randomly assigned by a computer program of the total population.
Internal cross validation was carried out by testing whether the prediction equation
of one group could validly predict density in the other group. The prediction
equation based onthe total study population was appliedto body composition data
of another group of Dutch elderly subjects to validate the equation externally. Twosided P-values were considered statistically significant at P < 0 . 0 5 . Results are
expressed as means with their standard deviation (mean±SD).

RESULTS
Table 1 shows some characteristics of the subjects. All variables, except age and
the supra-iliaca skinfold, were statistically different between gender. Men had a
higher body weight and were taller compared with the women. The body density
of the women was lower, resulting in a higher proportion of body fat. Nearly all
skinfold thicknesses were larger and BMI was higher in women. To investigate
whether prediction formulas from the literature were able to predict body fat
content in this group of elderly subjects, various formulas were applied to the data
(Table 2).
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Table 1. Subject characteristics.

Women (n=128)

Age (y)
Body weight (kg)
Body height (m)
Body mass index (kg/m2)
Density (kg/L)
Body fat content (%) t
Triceps (mm)
Biceps (mm)
Sub-scapula (mm)
Supra-iliaca (mm)
Para-umbilica (mm) §
Quadriceps (mm) ||
Fibula (mm) 1

70.2
68.1
1.616
26.1
1.0037
43.3
19.8
11.8
19.8
19.8
25.7
32.5
15.3

±
±
±
±
±
±
±
+
+
±
±
±
±

5.3
9.5
0.061
3.6
0.0124
6.1
5.1
4.5
7.5
8.0
7.7
7.1
6.0

Men (/7=76)

71.0
76.5
1.752
24.9
1.0289
31.2
12.5
6.4
17.4
17.9
20.7
16.5
7.4

± 5.9
± 9.6 t
± 0.071 t
± 2.6 *
± 0.0119
+ 5.6 t
± 3.3 t
+ 2.2 t
+ 5.5 *
± 6.2
± 6.2 t
+ 6.6 t
± 2.8 t

* P < 0 . 0 1 , t P < 0 . 0 0 1 significantly different from women; t calculated using Siri's formula; § 125 women
and 7 0 men; || 62 women and 39 men; 1 59 women and 33 men.

Nearly all f o r m u l a s s i g n i f i c a n t l y u n d e r e s t i m a t e d t h e percentage b o d y f a t in t h i s
p o p u l a t i o n . Prediction errors of percentage b o d y f a t ranged f r o m - 1 9 . 8 t o - 1 . 2 %
in w o m e n and f r o m - 1 3 . 9 t o - 0 . 5 % in m e n . Because of t h e large m e a n d i f f e r e n c e s
b e t w e e n p r e d i c t e d and m e a s u r e d b o d y f a t c o n t e n t s , n e w p r e d i c t i o n f o r m u l a s w e r e
d e v e l o p e d u s i n g skinfolds, B M I , gender and age as i n d e p e n d e n t variables.
In Table 3 t h e c o r r e l a t i o n c o e f f i c i e n t s b e t w e e n b o d y d e n s i t y and several s k i n f o l d s
a n d t h e BMI are s h o w n . In w o m e n all s k i n f o l d s w e r e s i g n i f i c a n t l y correlated w i t h
b o d y density. In m e n no correlation w a s f o u n d b e t w e e n b o d y d e n s i t y and t h e parau m b i l i c a s k i n f o l d , t h e q u a d r i c e p s s k i n f o l d and t h e fibula s k i n f o l d . Generally, b o t h
in m e n and w o m e n , t h e s k i n f o l d s o n t h e t r u n k w e r e more h i g h l y correlated w i t h
b o d y d e n s i t y t h a n t h e s k i n f o l d s on t h e e x t r e m i t i e s , e x c e p t for t h e u m b i l i c a s k i n f o l d
in m e n . T h e c o r r e l a t i o n of b o d y d e n s i t y and BMI w a s higher t h a n any c o r r e l a t i o n
of t h e b o d y d e n s i t y w i t h skinfolds, in b o t h males and females.
A f t e r t h e t o t a l s t u d y p o p u l a t i o n w a s r a n d o m l y assigned into t w o groups, p r e d i c t i o n
e q u a t i o n s f o r b o d y d e n s i t y w e r e developed in each s u b g r o u p using multilinear
regression t e c h n i q u e s .
Group 1 c o n s i s t e d of 1 0 9 subjects, 7 4 w o m e n and 3 5 m e n , w h i l e g r o u p 2
c o n s i s t e d of 9 5 s u b j e c t s , 5 4 w o m e n and 4 1 m e n . T h e results of t h r e e m o d e l s in
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Table 2 . Differences between percent body fat predicted from various equations in the literature
and estimated by densitometry (difference = predicted - estimated).

Women

Estimated f r o m densitometry
Difference skinfolds
Durnin [10]
Noppa 111]
Heitmann [ 1 2 ]
Difference BMI
Womersley [ 1 3 ]
Norgan [ 1 4 ]
Norgan [ 1 4 ]
Garrow [ 1 5 ]
Heitmann [ 1 2 ]
Deurenberg [ 1 6 ]
Svendsen [ 1 7 ]

Men

43.3 + 6.1

31.2 ± 5.6

-6.0 ± 5.9 t
12.7 ± 5.3 t
19.8 ± 5.8 t

-4.1 ± 5.6 t

-8.3 ± 4.8 t

-

10.0
-9.2
-1.2
14.2

+
+
±
+

5.0
5.0
5.0
6.4

t
t
t
t

-

-

-13.9 ± 5.4 t
-5.2
-9.2
-0.5
-8.8
-8.2
-1.2
-11.8

±
±
±
±
±
±
±

4.8 t
4.8 t§
4.5 ||
5.6 t
4.9 t
4.5 *
5.4 t

* P < 0 . 0 5 , t P<0.0'\, t P < 0 . 0 0 1 mean predicted value significantly different from estimated value; §
equation included BMI only; || equation included BMI and age.

each group are shown in Table 4. The regression model with the highest explained
variance (R2) and the lowest prediction error (standard error of estimate, SEE) in
both subgroups contained gender and BMI as independent variables. The best
regression model using skinfolds contained the variables gender and the

10

log

transformed sum of biceps, triceps, sub-scapula and supra-iliaca. However, a
model based on gender and the

10

log transformed sum of only the triceps and

biceps skinfold had only a slightly lower explained variance and a comparable
prediction error. Age did not contribute to the explained variance in either
subgroup.
Internal cross validation revealed that the prediction equation developed in one
subgroup could validly predict body density in the other subgroup (Table 5).
Therefore, the data from the groups could be combined (Table 4). The correlation
coefficients between measured and predicted densities in group 1 and group 2
were 0.73 and 0.74, respectively, using model 1, 0.76 and 0.76, respectively,
using model 2, and 0.82 and 0 . 8 1 , respectively, using model 3 (all P < 0 . 0 0 0 1 ) .
The SEE in body density of the models varied from 0.0100 to 0.0117 kg/L,
resulting in a prediction error of about 5% body fat at a body density of 1.0030
kg/L
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Table 3. Pearson's product-moment correlation coefficients between body density and (the sum
of) skinfolds (mm) or the body mass index (kg/m2) in elderly men and women.

Women

Triceps
Biceps
Sub-scapula
Supra-iliaca
Para-umbilica §
Quadriceps ||
Fibula 1
Sum of 2
Sum of 4
Body mass index

-0.28 t
-0.27 t
-0.39 t
-0.43 t
-0.42 t
-0.40 t
-0.28 *
-0.29 t
-0.40 t
-0.61 t

Men

-0.26 *
-0.29 *
-0.33 t
-0.37 t
-0.07
-0.19
-0.18
-0.31 t
-0.38 t
-0.52 t

* P<0.05, t P<0.01, * P<0.001; §125womenand70 men; || 62 womenand39 men;159 womenand
33 men;sum of 2 = 10log (biceps + triceps); sum of 4 = ,0log (biceps + triceps + sub-scapula + suprailiaca); skinfolds are ,0logtransformed.

External validation of the developed prediction formulas was carried out using the
body composition data from an independent sample of 23 elderly subjects. The
main characteristics of this population are presented in Table 6. The supra-iliaca
skinfold and the sub-scapula skinfold were not measured in this population.
Therefore, prediction model 2, using the sum of four skinfolds, could not be
validated. Body density of these elderly subjects, predicted by model 1 and model
3, was not statistically different from the measured value (Table 6). The
differences were -0.0072 and -0.0054 kg/L for the t w o models respectively in
women, and -0.0011 and -0.0055 kg/L respectively in men. When these values
were expressed as percentage body fat the differences were + 3 . 5 ± 7 . 3 % and
+ 2 . 5 ± 5 . 9 % in women, and + 0 . 5 ± 5 . 3 % and + 2 . 5 ± 5 . 2 % in men.

DISCUSSION
The subjects in the present study were volunteers recruited in the surroundings of
Wageningen. The sample is therefore not representative of the elderly in the
Netherlands. However, comparison of weight and height of the study sample with
data from the Central Bureau of Statistics revealed that the study sample was not
very different from the general elderly population (aged 60 years or more) in the
33
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Table 4 . Multiple linear regression of body density against gender, skinfold thickness and body
mass index in the t w o random groups and in the total population.

Model 1
Gender *
10
Log(sum of 2)
Intercept
R2
SEE
Model 2
Gender
10
Log(sum of 4)
Intercept
R2
SEE
Model 3
Gender
Body mass index
Intercept
R2
SEE

Group 1

Group 2

Total

0.0183 + 0.0033t
-0.0359 ± 0.0103
1.0567 ± 0.0151
0.54
0.0121

0.0189 + 0.0031
-0.0248 + 0.0092
1.0406 + 0.0137
0.56
0.0114

0.0186 + 0.0023
-0.0300 + 0.0069
1.0481 + 0.0102
0.55
0.0117

0.0213 ± 0.0025
-0.0440 ± 0.0087
1.0842 ± 0.0160
0.58
0.0115

0.0213 ± 0.0025
-0.0281 ± 0.0080
1.0551 ± 0.0149
0.58
0.0111

0.0212 ± 0.0018
-0.0356 + 0.0059
1.0688 + 0.0109
0.58
0.0113

0.0223 + 0.0021
-0.0026 ± 0.0003
1.0704 + 0.0084
0.68
0.0101

0.0226 ± 0.0021
-0.0018 ± 0.0003
1.0517 ± 0.0079
0.66
0.0099

0.0226 ± 0.0015
-0.0022 ± 0.0002
1.0605 ± 0.0057
0.67
0.0100

* all independent variables contribute significantly to the models (/ 3 <0.01); t regression coefficient ±
standard error; gender = 0 for women and 1 for men; sum of 2 = 10log (biceps + triceps); sum of 4 = '"log
(biceps + triceps + sub-scapula + supra-iliaca); R2 = explained variance; SEE = standard error of estimate.

Netherlands (males: 76.6 kg, 1.747 m, females: 68.3 kg, 1.644 m) [22]. The BMI
and body composition data are also comparable with data from other studies
carried out in elderly subjects in the Netherlands [23,24].
When prediction equations from the literature were applied to the study sample,
nearly all equations underestimated body fat content. The equations including age
as an independent continuous variable showed the most accurate prediction of
percentage body fat [14,16]. The other equations from the literature which were
generally developed in young to middle aged subjects largely underestimated body
fat content. Of these equations the equation of Durnin and Womersley [10], based
on skinfold thickness, showed the best result. When comparing the body fat
content of the subjects in the studies of Noppa era/. [11] and Svendsen etal. [17],
it is remarkable that they are much lower compared with those observed in the
present study, the study of Durnin and Womersley [10] and the study of
Womersley and Durnin [13]. The BMI of the subjects of the study of Svendsen et
al. [17] is, however, comparable with the present study but body fat, determined
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by dual-energy x-ray absorptiometry, is much lower. These authors suggested that
population specificity may have caused the large differences. It seems unlikely that
differences between the Danish population and the Dutch population arethe basis
for these large differences. Differences in body fat content between populations
are more likely to be caused by age differences and/or the different methods used
to estimate body fat [25-27].
The skinfold thickness that was best correlated with body density in both elderly
men and women was the supra-iliaca. A prediction model for body density based
on this single skinfold and gender had an explained variance of 5 9 % and a SEE of
0.0112 kg/L Despite the fact that this model was comparable with the model
using gender and the sum of four skinfolds, this model was not evaluated further.
A prediction formula based on only one skinfold will lead to considerable errors
when the skinfold is measured inaccurately or when the subjects have an unusual
subcutaneous fat distribution. Therefore, only models based on more than one

Table 5 . Internal cross validation of the three equations developed for the prediction of body
density and body fat content in the t w o random groups (difference = measured - predicted).

Group 1 (/7 = 109)

Group 2 (/7= 95)

Density (kg/I)
Densitometry
Predicted using model 1
Difference
Predicted using model 2
Difference
Predicted using model 3
Difference

1.0120
1.0117
0.0003
1.0114
0.0006
1.0122
0.0002

±
±
+
±
±
±
±

0.0176
0.0117
0.0121 "s
0.0120
0.0115 ns
0.0131
0.0102 "s

39.27
39.28
-0.01
39.37
-0.10
39.17
0.11

+
±
+
+
±
±
±

8.47
5.87
5.80 ns
6.05
5.51 ns
6.61
4.84 ns

1.0143
1.0147
-0.0005
1.0152
-0.0009
1.0139
0.0004

+
+
+
+
±
+
±

0.0169
0.0139
0.0114 ns
0.0145
0.0113 ns
0.0153
0.0102 "s

38.17
38.03
0.14
37.94
0.23
38.20
-0.03

±
±
+
±
±
±
+

8.09
6.33
5.42 ns
6.50
5.32 ns
6.97
4.76 "'

Body fat content (%)
Densitometry
Predicted using model 1
Difference
Predicted using model 2
Difference
Predicted using model 3
Difference

' not significant, predicted versus estimated by densitometry.

35

Chapter 2

skinfold were investigated. Models based on gender and the sum of skinfolds had
higher explained variances and lower SEE than gender-specific models or models
based on separate skinfolds (results not shown). Since there was no interaction
between gender and the sum of skinfolds (or gender and BMI) in the elderly
population, only one single prediction model was developed for both sexes
combined, adding gender as a dummy variable. The model with gender and the
sum of triceps, biceps, sub-scapula, and supra-iliaca as independent variables
predicted body density slightly better (R2=0.58, SEE=0.0113 kg/L) compared to
a model using gender and the sum of the triceps and biceps skinfold (R2= 0.55,
SEE= 0 . 0 1 1 7 kg/L). A model based on these two skinfolds has several practical
advantages. The biceps and triceps skinfolds arerelatively easy to measure, even
when the elderly subject is confined to a wheelchair or is bedridden. Furthermore,
subjects do not need to undress which is especially practical in field studies.

Table 6. External validation: population characteristics, difference (difference = measured predicted) and the Pearson's correlation coefficients (r) between predicted and measured body
density and body fat content.

Women (n=11)

Age (y)
Body weight (kg)
Height (m)
Body mass index (kg/m2)
Sum of 2 (mm)
Body density (kg/L)
Measured
Difference using model 1
r
Difference using model 3
r
Body fat content (%)
Measured
Difference using model 1
r
Difference using model 3
r
1

73.3 ± 5.7
66.7 + 6.0
1.561 ± 0.052
27.4 ± 1.9
44.4 ± 1 1 . 1

1.0063 ± 0.0147
-0.0072 ± 0.0151 ns

o.ors
-0.0054 + 0.0121 ns
0.71*
42.00 ± 7.18
3.48 ± 7.34ns
0.01 ns
2.54 ± 5.91 ns
0.71*

not significant, predicted versus measured bydensitometry; * P<0.05.
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men (n=12)

68.8
79.8
1.709
27.3
20.2

±
±
±
±
±

4.3
7.2
0.059
2.0
5.3

1.0291 ± 0.0120
-0.0011 ± 0.0114 ns
0.33 ns
-0.0055 ± 0.0111 n s
0.39ns

31.05 ± 5.63
0.46 ± 5.34 ni
0.33"s

2.51 ± 5.20n!
0.39 ns
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The best prediction of body density was obtained using gender and the BMI as
independent variables (R2=0.67, SEE=0.0100 kg/L). The SEE, expressed as
percentage body fat, of the models based on gender andtwo skinfolds, gender and
four skinfolds, and gender and BMI was 5.6, 5.4, and 4 . 8 % , respectively. These
errors are comparable with reported SEE in the prediction of body fat in the
literature, which range from 3.5-5.5% in old age groups.
Stature is known to decrease with age due to kyphosis and a shrinkage of the
spinal vertebrae [2]. This will effect the BMI, and thus the prediction of body
density from the BMI. Shrinkage of the spinal vertebrae and kyphosis was of
course also present in the present population, thus this effect is already partly
corrected for. To evaluate the effect of an underestimation of real stature with
0.05 m, the difference in predicted density from BMI was calculated. An
underestimation of the stature by 0.05 m results in an overestimation of body fat
content of only 1 . 9 ± 0 . 3 % in women and 1 . 5 ± 0 . 2 % in men. Thus, a quite large
error in the measurement of stature results only in small errors in predicted body
density.
In all models age was not included. Dividing the total study population into
subgroups of 5-year intervals revealed no statistically significant differences
between predicted and estimated density in any of the age groups. Besides, in the
models containing skinfolds age was not correlated with the residual error. Thus,
it seems that the relationship between body density antfskinfolds is not dependent
on age between 60 to 87 years. The residual error of model 3 was slightly but
significantly correlated with age (/-=-0.15, P = 0 . 0 3 ) . Age significantly contributed
to this model which contains gender and BMI.

However, including age as

independent variable inthis model increased the explained variance by only 1 % and
decreased the SEE by 0.0001 kg/L. Because of the minor decrease in prediction
error and the fact that no difference between predicted andestimated body density
was found in any of the 5-year age groups, age was left out of the equation.
The use of body circumferences for the prediction of body fatness in the elderly
has frequently been suggested by several authors [24,28,29]. Inthe present study
circumferences of mid-upper arm, waist, hip and thigh were also measured and
related to body density (results not shown). In women the hip circumference (r =
-0.56, P=0.0001), andin men the waist circumference (r=-0.58, P=0.0001) was
best correlated with body density. Since there were significant interactions
between all circumferences and gender, we investigated whether gender-specific
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equations containing circumferences were better at predicting body density
compared with the models shown in Table 4. The explained variance for the best
model containing one or more circumferences was 3 6 % in women (hip and waist
circumference) and 2 8 % in men (waist circumference). In the gender-specific
models some circumferences contributed significantly to models which already
contained the sum of two or four skinfolds. However, the SEE of these models,
which ranged from 0.0098 to 0.0116 kg/L, were comparable with the SEE of the
three models in Table 4, and thus did not really improve the prediction of body
density. Durnin & Womersley also reported that complex equations, including
skinfolds and several limb circumferences, resulted in only minimal increases in
accuracy compared with equations based on skinfolds only [10]. It was concluded
that prediction equations usingcircumferences (together with other anthropometric
measures) have no advantages over equations using only skinfolds or BMI.
Difficulties in the measurement of circumferences due to areduced elasticity of the
skin and the abdominal wall in elderly subjects may be responsible
As a reference method in the present study, hydrodensitometry was used. Despite
the fact that Siri's formula is generally used to calculate body fat content in elderly
subjects, it is questionable whether this is correct [21]. With increasing age the
density of the fat-free mass may decrease due to demineralization of the bone and
changes in body water. Using atwo-compartment model with the assumption that
the density of the fat-free mass is 1.100 kg/L could result in a systematic
overestimation of body fat content in elderly subjects by 1-2% [9]. Moreover, with
increasing fatness the relative amounts of minerals and protein inthe fat-free mass
may decrease [30]. Therefore, in elderly people calculation of body fat content
from body density needs some care. Baumgartner et al. [26] investigated the
difference in estimated body fat content of elderly men and women between a
two- and a four-compartment model. The mean difference between the t w o
methods was about 1.7%, and was correlated with the aqueous fraction of the fatfree mass but not with age or with the mineral fraction of the fat-free mass. This
suggests that the error in percent body fat made by using a two-compartment
model depends predominantly on the hydration of the fat-free mass. Based on the
calculations of Deurenberg et al. [9,30] adjustments can be made to the Siri's
formula. Therefore, body density, used as dependent variable in the present study,
can be used in the adjusted or unadjusted Siri's formula to calculate body fat
content. It remains that at an individual level, even after any adjustment of the
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Siri's formula, an error of

about 3 %

body fat is possible using the

hydrodensitometric method [31,32].
The prediction formulas developed in the present study, based on the BMI or the
sum of t w o or four skinfolds, were internally cross validated and also externally
validated in an independent sample. These procedures revealed that the formulas
are valid for the estimation of body fat content in groups of elderly subjects. As
with all prediction equations, one should always be cautious when applying the
formula to elderly populations that are substantially different from the present
study. Individual values should always be interpreted cautiously.
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