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TARGET. 1
Promoting positive health behaviour

By 1995, in all Member States, there should be
significant inecreases in positive health behaviour,
such as balanced nutritiom, nonsmoking, appropriate
physical activity and good stress management.
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OBESTITY
ANTHROFOMETRY
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1. Intrpduction

Several meetings have in the past few years suggested various types of
norms for the deseription and assegssment of obesity (1-4). However, it has
been suggested that it would be useful to have a set of simple recommendations
and norms for the c¢classification of obesgity emanating from WHO, so as to be
able to describe populations anthropometrically with greater precision than
has been done to date. In particular, it would be useful to have
recommendations for more standardized presentations to allow intercountry and
intracountry comparison. Until now, very few international compariszons have
been possible, mainly because of the way the data has been analysed and
pregented (s¢e Annex 1).

The intention of this meeting was therefore to address this problem and
to produce recommended methods and standards for the measurement of
populations, and for the analysis and preszentation of data.

it wag realized that measuring children posed several problems, which
probably warrant a specific meeting. This aspect was therefore not discussed
at the present meeting, which dealt only with the measurement of adult
populations.

A ¢lear distinction has to be made between standards intended on the one
hand for diagnosis and advice to individuals, and on the other for the
description of populations. It was agreed that the meeting would concentrate
on standards of the latter type. Recommendationsg are made for describing
total body fatness, as well as its distribution, in large-scale population
studies. At a later stage in the analysis of data from such studies, it might

be possible to relate the anthropometric measurements to health parameters as
well,

Most diseases related to obesity are multifactorial in origin. There is
also a growing body of information suggesting that obesity asz such may
sometimes be less closely related to certain diseases as the distribution of
the fat in the body; in other words, the latter factor will often he of
considerable independent importance. It is therefore becoming obvious that
simple measurements of height and weight do not suffice to derive various
weight/height ratios.

2. What do we want to describef?

It was emphasized that, except for some very clear-ecut morbidity
situations, "fatness" is a continuous phenomenon, presenting no natural
cut-off points. Any categorization will therefore be arbitrary to some degree.

Measurementz of height and weight ghould be routinely taken in all
circumstances. Large data masses from various periods in time are already
available which, when reanalysed, will allow the establishment of
‘chronological changes. ‘ ‘ ' -

With new ways of describing regional body fat distribution, it is clear,
however, that even on a large population scale it is now possible to add
simple measurements that will provide indices which have considerably more
predictive power in relation to risk conditions and digeages than
weight/height indices alone.
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Practical aspects have to be considered, such as what kind of data is it
feasible to ewxpect in large-scale investigations without too high a cost for
equipment and training?

Measuring the circumference of various parts of the body can be done with
relatively simple and short training of investigators and with cheap
equipment, and does not take much time to perform.

Skinfold measurements require suitable calipers, a slightly higher degree
of method standardization and more investment in the traiming of personmel.
However, these measurements have the advantage of being unequivocal in that
they actually measure the presence of fat, The relationship of skinfold te
fatness may of course vary among populations, and this has to be taken into
consideration. When compared with, for example, blochemical tests that are
performed routinely on large population samples, the requirement for skinfold
measurements is modest.

3. Recommendations for data collection

The meeting recommended that, in all population surveys where
anthropometric measurements are made, the following measurements should be
included and performed as described.

The measurements are presented in descending order of importance. Their
actual inclusion or exclusion will, of course, be decided by the resources
available as well as the intentions of the study.

It was none the less felt that the first five measurements are the most
important ones, and those that at present seem tg have the most potential for
describing anthropometrical indicators of some aspects of the health of a
population.

For some practical considerations regarding measurements of skinfolds and
circumferences, see Annex 3.

3.1 Height/length

Height should be measured on the subject (without shoes) with the heels
together and with the head in the so-called Frankfurt plane (see Fig. 1) in a
horizental position. The subject should breathe in deeply and reach up to a
maximum height with the legs stretched but the feet flar on the ground (this
procedure is recommended to reduce variability).

3.2 Weight

Weight should be racorded to the nearest 0.5 kg of the subjeet, wearing
no clothes or only light underwear.

‘3.3 Waist circumference

The measurement should be done midway bhetween the lower rib margin and
the iliae crest, using the following procedure: mark the level of the lowest
rib margin, palpate the iliac crest in the midaxillary line and mark this
level on the skin, apply the elastic tape (see Annex 3) horizontally midway
between the lowest rib margin and the iliac crest and measure the
circumference over the tape. [t is recommended that the sbserver should sit
in front of the subject.
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Fig. 1. The Frankfurt plane

Horizontal line is the Frankfurt plane, which should
be in a horizontal position when height is measured.

Source: Seidell et al. (5).

For general conziderationsz, see Annex 3,

3.4 Hip circumference

The measurement should be done at the point yielding the maximum

circumference over the buttocks with the tape held horizontal. For procedure,
see section 3.3 and Annex 3.

3.5 Subscapular gkinfold measurement

The skinfold is picked up just below the tip of the right scapula. The
natural potential crease that is lifted to form thiz fold runs at an angle of
about 45° downwards from the spine. '

For general considerations, see Annex 3.

3.6 Upper thigh circumference

Although there is relatively little experience in the measurement of this
parameter, it may be very promising, and its inelusion in a population survey
iz therefore recommended. For the moment, it is recommended to measure the
circumference arcund the right thigh just below the gluteal fold.

3.7 Triceps skinfold measurement

A mark should be made at the back of the arm, half-way between the
inferior border of the acromion process and the tip of the olecranon process

and directly in line with the point of the elbow and acromion process. The
skinfold is measured at this mark.
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3.8 Upper mid—-arm circumference

This measurement is included mainly because it is very commonly made in
most parts of the world and yields some infeormation about muscle mass.

The measurement is made at the same point as the skinfold measurement, as
described above, with the arms hanging down.

3.9 Biceps skinfold measurement

This measurement is included neot because it ig geen as particularly
important but because it is very easy to perform in connection with making a
triceps skinfold measurement. It is also one of the four skinfold
measurements commonly used to assess fatness (6).

The skinfold iz picked up on the front of the arm directly above the
centre of the cubital fossa. The calipers should be applied at the skinfeld
at the level of the mid-point of the belly of the biceps muscle, with the arm
hanging in a relaxed position.

3.10 Supra-iliac skinfold measurement

The vertical skinfold is picked up immediately above the anterior
guperior ilia¢ spine in the mid-axillary line.

3.11 Wrist and knee breadth

For the knee measurement, the subject sits on a table with knees bent to
a right angle (907), and the width across the outermost parts of the lower
end of the femur is measured. Pressure is exerted to compress the tissues.
This measurement can be done using a sliding caliper or anthropometer.

Wrist breadth is measured across the styleoid processes (oblique to the
long axis of the arm), with pressure to compress the tissues and the forearm
pronated. This measurement can be done using a sliding caliper or
anthropometer.

3.12 Abdominal and thigh skinfold

As has often been demonstrated, these points on the body can be difficult
to locate and measure and do not necessarily yield better information than any
of the other meagurements discusszed above. [t iz therefore not recommended to
use them.

4, Analysiz of meagurements

4.1 Non-response

The importance of a thorough analysis of non-responders or refusals is
underlined. It should be clearly assessed how non-response affects the
represzentativeness of the sample.

4,2 Body mass index

It was strongly recommended to use the body mass index (BMI), which is
also called the Quetelet index, as an important component in the presentation
of the material. It is a reasonable index of population fatness. It has
shown reasonably good correlation with body fatness (by densitometry, etc.)
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ang with many health indices, and allows for a sensible classification of the
material. The relationship between total mortality risk and the BMI
constitutes a U-shaped curve (see Anmex 4), and hence delineations of fatness
are not posgible.

The use of the BMI as an indicator of health risk is sometimes suggested
at levels that are astonishingly precise. It appears, as is evident from the
data presented in Annex 4, for instance, somewhat unrealistic to suggest that
BMI can be used in any very exact manner. The range of BMI values on which
health advice is going to be based is clearly likely to vary in different
communities as a result of many confounding factors such as diet, smoking and
levels of physical activity.

4.3 Claggification of obesity

It is difficult to state accurately the different degrees of obesity at
which there will be specified increases in the risk of morbidity.

When leng-term studies are conducted, e.g. the Norwegian study (Anmex &),
the lowest mortality rates are observed in those with a BMI value between
about 22 and 30. Separating smockers L[rom nonsmokers would yvield a similar
picture, but with smokers at all levels of body weight having a substantially
higher risk of premature death than nonsmokers.

Smoking thus confounds the relationship between excess weight and
mortality, since smoking 1is not only very hagardous but also limits wedight
gain o rhat smokers are thinner than nonsmokers. Thus smoking-related
diseazes, e.g. respiratory diseases and lung cancer, and deaths are found
particularly in lighter weight individuals, whereas in heavier men and women
deaths £rom diabetes and cardiovascular diseases are found more frequently.

An internatiomal classification of obesity has been proposed (7) and
widely accepted, based on the following arbitrary range of BMI values:

- below 20;
- 20-25;
- 25-30;
- 30-40;
- above 40,

The different degrees of heaviness correspond to increasing amounts of

body fat, but there is a substantial wvariation between individuals at each BMI
level.

Epidemiological analyses of mortality and morbidity are usually assessed
in relation to the BMI rather than te more specific measures of fatness,
e.g. skinfold thickness, so the nutritional assessment of groups and
populations should be based on the BMI.

Given the modest differences in mortality risk between a BMI value of 20
and 30 (see Annex 4, Fig. 1), it is suggested that a BMI value of 30 and ahgve
should be specified as indicating "a high degree of fatness". The terms
aoverweight and obesity imply a health rizk that may vary from country to
country, depending on prevailing risk factors such as diet and prevalence of
smoking.

In practice, a BMI value of 30 or more should be taken as signifving

aobesity.
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4.4 Distribution of the BMI in a population

In addition to the broad classification of the BMI as described above, it
is recommended to present the distribution over smaller intervals with
interval widths of up to two BMI units. In this way, the total frequency
distribution of the BMI will be described, including the mean and standard
deviation. If data size allows, it is recommended to describe the data in a
similar way in subgroups, such as age catepories, separately.

To make meaningful comparigons between populations and subpopulations
possible, some potentially confounding factors need to be measured: age,
social class (occupation, educational lewvel), degree of urbanization and
smoking habits.

4.5 Waist/hip ratio

Older and more recent cross-sectional data show that the localization of
adipose tissue might be an important indicator of health hazard. These data
have been strengthened by recent prospective epidemiological studies (8). The
ratio is a simple indicator of abdominally located adipose tissue, both
subcutanaous and intra-abdominal. It seems possible that this is an indicator
of health hazard that is separate f[rom obesity, and it is therefore
recommended to include it in the analysis. The ratio increases with age and
varies according to sex.

L.6 Waist/thigh ratio

There are indications that this ratio might be as sensitive as a health
risk indicator as the waist/hip ratio. However, most of the present
information iz baged on the waist/hip ratio. More data on these ratios are
needed.

4.7 Classifications not recommended

A number of classifications that have been common but do not allow
international comparison should not be used in the presentation of population
data. These include "% relative weight", "% above mean/average weight",

"% above normal weight" or "% above desirable weight", "X% abaove median
weight" or '"above Y percentile".

The Broca index has been in common use, but the group felt that this is
not necegsarily indicated (gee comments in Annex 4).

4.8 BSelection of age ranges

The selection of age ranges in the final analysis and presentation will
of course depend on the size and shape of the study. It is, however,
important in the presentation to follew the establishad conventions of
presentation of ‘epidemiological material, indicating, for example, ten-year
age ranges such as 30-39 and 40-49 years and five-year ranges such as 20-24,
25~29 and 30-34 years. The important point is of course to define as
accurately ag posgsible the age range to be used.

In studies of obesity in women, it may be important to group the material
g0 that it is posgsible to distinguish clearly between premenopausal and
menopausal women,
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4.9 Anthropology and physiology in onpgoing obesity research

Anmex 2 gives an overview of current obesity research as presented in the
Consultation, linking anthropometric data with wvaricus biochemical and
biological processes.

4,10 Risk assessment in prospective {longitudinal) studies

Risk assessment on an individual level. Risk ratios (relative risks) at
different levels of fatness should preferably be calculated adjusting for
effects of age, social clags and smoking habits. Adjusgtments can be made
using multivariate techniques (Cox regression model, proportional hazard
model) or, if the size of the data set allows this, stratified analysis
(e.g. locking at smokers and nonsmokers separately).

Rigk asgegsment on a population level. The total impact of different
levels of fatness in the incidence of disease can be evaluated by calculating
the attributable risks. A high relative risk in a small propeortion of the
population {e.g. BMI 30 and above) can have a different impact on the total
morbidity when compared to a moderately increased risk in a larger proportien
of the population {e.g. perhaps BMI 25-29).
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Annex 2

WAIST/HIP RATIQ AND HEALTH HAZARDS - PATHOGENETIC ASPECTS

The waist/hip ratio (WHR) has been found to be closely related te disease
in both cross-—sectional and longitudinal studies, frequently in a graded,
dose-response manner., These diseases are cardiovascular disease, stroke and
non-insulin-dependent diabetes mellitus. The gquestion then ariges whether a
causal association is at hand between the WHR and the different diseases
concerned.

The critical component of an elevated WHR ratio is probably the mass of
intra-—abdominal fat. The intra-abdominal adipose tisgsues, particularly those
drained by the portal vein, are very sensitive to lipolytic (stress) hormones
and tend to release free fatty acids in excess amounts into circulation,
interfering with insulin binding and 1its subsequent facilitation of glucose
transport, Furthermore, lipoprotein synthesis in the liver is driven by
portal free fatty acids. These effects may then lead to insulin resistance,
hyperinsulinaemia, hyperlipidaemia and perhaps hypertension. Thesge are all
established risk factors for the diseases in question. Intra-abdominal fat in
excess amounts might thus act as a risk factor generator.

Another possibility with regard to the associations between an elevated
WHR and disease is that some unknown factor produces both disease and an
elevated WHR. Steroid hormones might be invelved here, since aberrations in
the production of these hormones are known to he associated with an elevated
WHR. Such aberrations might also cause accumulation of intra-abdominal fat,
allowing a combination with the free fatty acid hypothesis, mentioned above,.
In the background of endocrine disturbances, there may be a neurcendocrine
aberration, which at present is poorly understood.

REFERENCES

1. Bjorntorp, P. Fat cell distribution and metabolism. Cellular and
biochemical changes associated with obesity: are they the cause or the
result? Annals of the New York Academy of Sciences: 66-72 (1987).

2. Bjdrntorp, P. Obesity and cardiovascular disease. In: Schlierf, G. &
Morl, H., ed. Expanding horizoms in atherosclercsis research. Springer,
1987.

3. Bjérntorp, P. Abdominal obesity and the development of non-insulin

dependent diabetes mellitus. Diasbetes/metabolism reviews, 4(6): 615-622
(1988).
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Annex 3

MEASURING SKINFOLDS AND CIRCUMFERENCES

The methodology described here and in section 3 of the main report has
been collated from participants' experiences and from Seidell (1). Advice on
theszse questions iz alszso given in a recent publication on anthropometric
standardization (2).

General recommendations for performing skinfold measurements

[t is strongly recommended that in every study thorough training should
be given to the field workers who will be inveolwved. This should be done
before the start of the actual study and should include all the proposed
measurements on people of various body builds (ranging from slim to somewhat
obese). Repeated measurements of the anthropometric wariables on cach subject
ghould be evaluated with the aim of reducing inter-observer and intra—observer
variation as much asz possible.

For the skinfold measurements, the following are needed.

— A caliper with readings up to at least 40 mm (the pressure of the caliper
jaws should be calibrated; the surface area on the tip of the caliper
must be sufficiently large, and the pressure should be 10 g/mm®).
Harpenden and Holtain calipers are both useful.

— A marker pen (to be used on the subjects).

Skinfolds are measured on the right side of the body. It is recommended
that the observer should be assisted by a person who records the values. The
skinfold is picked up between the thumb and the forefinger and held while the
caliper jaws are applied at exactly the described point. After the full
pressure of the caliper jaws has been applied, the actual measurement is made
at the time the readings start to stabilize (usually after two to three
seconds ). The values are recorded to the nearest millimetre.

Every skinfold is measured and recorded in triplicate as an average of
the three readings (which means that the complete measurement is repeated

twice, including picking up the skinfold).

If no reliable figure can be obtained, e.g. in the case of very obese
subjects, this is noted together with the recorded values.

Circumferences

Circumferences are measured on subjects (in the standing position). ‘A
subject should be standing with weight evenly balanced on bath feet and the
feet about 25-30 cm apart. Subjects should be asked to breathe normally and,
at the time of making the measurements, be asked to breathe out gently. This
prevents them from contracting their muscles or from holding their breath.

For the measurements, the following are needed,
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A plastic tape measure, not elastic or metal (metal will feel cold in
cold climates).

A marker pen {to be used on the subjects).

An elastic tape (for positioning the level of the circumference). This
is a narrow string of silk-covered "hat'" elastic rubber band, which is
tied firmly enough to stay in position around the abdomen about the level
of the umbilicus. It should not he too tight, and its functiom is to
assist in defining the levels of the circumferences.

Meagurements are made in duplicate.

REFERENCES

Seidell, J.C., BjSrntorp, P., Cigolini, M. & Deurenberg, F. Adipose
tizgue distribution: a multi-centre gtudy. 1987 (unpublished manual of
operations, prepared with the assistance of Qosterlee, A., Hoogkamer, R.,
Knuiman, J., Durnin, J.G.V.A., 5jostrbm, L., Rubeffé-Scrive, M. &
Doornbos, G.).

Loman, J. et al. Anthropometric standardization manual. Illinois, Human
Kinetics Publications (in press).
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Annex 4

EPIDEMIOLOGICAL BACKGROUND

In the period 1963-1972, radiclogical surveys in Norway produced
measurements on almost 2 million people over the age of 15 years. The
response rate was 85-90%. These data were later followed up by identifying
the end-point, i.e. mortality by cause. The presentation in Fig. 1 is thus
based on 200 000 reported deaths and 18 million observation years. GSome of
the main findings are shown in this figure.

Fig. 1. Relative mortality for three age groups
according to weight/height
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The relative risk curves are practiecally identical for the three age
groups included in this presentation.

The U-shaped mortality risk curve according to the BMI is confirmed in
this study. The U is asymmetrical, being steepest on the "lean" tail end.
The curves are also characterized by an almost flat bottom, making the
determination of the minimum very uncertain. The higher BMI values form a
continuous slope, with no natural threshold value for definition of obesity.

Other major studies of sufficient size and duratiom of follow-up for
conclusions to be drawn are a study by the American Cancer Society (ACS) from
1979 and Build and Blood Pressure Studies from 1959 and 1979. The ACS study
also allows more detailed analysis of the role of smoking in the relation
between the BMI and mortality. A L1983 report by the Royal College of
Physicians (2) shows mortality curves in relation to the BMI in these studies
(Fig. 2 and 3). The Build and Blood Pressure Studies do not show an increased
mortality in very lean people, due probably to the relatively small sample
size (n = 68 000) whereas the ACS study with its much larger sample size (n =
750 000) confirms such an increase at the lower end of the BMI distribution.
The larger the study, the clearer the health risks associated with leanness
geem to become. No cause-specific deaths are presented here. Total mortality
risk increases (as in the Norwegian study) slowly with rising BMI values, and
the minimum mortality risk is somewhere Between BMI 20-25. GSmeking does not
explain the higher risk in the left part of the U-shaped distribution
curve (3).

As desecribed in the Norwegian report, the left glope iz dominated by
lung-related disease mortality; the right slope (high BMI values) is
dominated by mortality from cardiovascular disease, stroke and diabetes.
Cardiovascular disease mortality increases in fregquency from BMI 23 and
upwards; lung diseases increase in frequency from BMI 29 and downwards. This
mortality overlap complicates the definitien of obesity.

There are no natural cut-off pointsy mortality ig a continuoug function
of the BMI. If cut-off points are to be given for practical reasons, the
classification proposed in this document might be reasonable.

As a mere curiosity, it was demonstrated how the Broca index, which
defines the optimum weight in kg as the body height in cm minus 100, appears
to coincide with the level of mortality risk. Mortality was related to body
height and weight in a simultanecus analysis, and relative risk was calculated
for all combinations of height and weight. Out of this emerged a minimum-risk
curve as a straight line comnecting any given body height with an optimal
weight (see Fig. 4). This line happens to be very close to the Broca index.
However, the meeting was of the opinion that this index should not be
recommended, since the values at the extremes of body height do not really
correspond to the hypothetical wvalues.
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Mortality in relation to duration of insurance policy -

men aged 15-39 years at time of issue of policy

(weight and height are adjusted to values without clothes)
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Source: Royal College of Physgicians (2). Recaleulated from the 1979 Build
and Blood Pressure Studies.
Fig. 3. Body weight, smoking and death rates for men and women
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Fig. 4. Relative mortality by weight for given height in women
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