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The recent World Health Organization (WHO) agreement
on the standardized classification of overweight and obese,
based on body mass index (BMI), allows a comparable
analysis of prevalence rates worldwide for the first time. In
Asia, however, there is a demand for a more limited range
for normal BMIs (i.e., 18.5 to 22.9 kg/m2 rather than 18.5 to
24.9 kg/m2) because of the high prevalence of comorbidi-
ties, particularly diabetes and hypertension. In children, the
International Obesity Task-Force age-, sex-, and BMI-spe-
cific cutoff points are increasingly being used. We are
currently evaluating BMI data globally as part of a new
millennium analysis of the Global Burden of Disease. WHO
is analyzing data in terms of 20 or more principal risk
factors contributing to the primary causes of disability and
lost lives in the 191 countries within the WHO. The prev-
alence rates for overweight and obese people are different in
each region, with the Middle East, Central and Eastern
Europe, and North America having higher prevalence rates.
In most countries, women show a greater BMI distribution
with higher obesity rates than do men. Obesity is usually
now associated with poverty, even in developing countries.
Relatively new data suggest that abdominal obesity in
adults, with its associated enhanced morbidity, occurs par-
ticularly in those who had lower birth weights and early
childhood stunting. Waist measurements in nationally rep-
resentative studies are scarce but will now be needed to
estimate the full impact of the worldwide obesity epidemic.
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Introduction
The World Health Organization (WHO) recently pub-

lished the final text of the Expert Technical Consultation on

Obesity, which was held in Geneva, Switzerland in June
1997 (1). This short meeting was organized after the Inter-
national Obesity Task Force (IOTF) developed a compre-
hensive analysis of the problem with a draft report over 2
years, which was the basis for the WHO Technical Report.
This was the first attempt by WHO to consider the problem,
because issues of nutrition had previously been almost
exclusively concerned with such matters as breast-feeding,
protein energy malnutrition, and micronutrient deficiencies.
The earlier report of WHO on physical anthropometry (2)
had sections related to overweight and obesity, but this
earlier analysis was an attempt to cope with the require-
ments of measurement, to define normal weight, and to
ensure that an appropriate analysis was made of a nation’s
prevalence of underweight or overweight in children or
adults. The vast majority of the work was related to child-
hood underweight. In 1995, WHO accepted our views that
the lower body mass index (BMI) for the normal adult range
should be changed from 20.0 to 18.5 kg/m2. The full normal
range was set at a BMI of 18.5 to 24.9 kg/m2, with this
index being recognized as a crude approximation for a
height-independent measure of weight. It was recognized
that the power of height for women might be more appro-
priately set at 1.6 m rather than 2.0 m, but in the interests of
simplicity the same BMI expression was used for both sexes
and for all ages over 18.0 years. Below 18 years of age,
there was far more concern with how best to express un-
derweight, which was again defined on an arbitrary basis as
a weight-for-height of,2 SD of the normal weight-for-
height for children of the same age and sex. This categori-
zation then tended to be applied to overweight so that
overweight children would be classified as those$2 SD.

The new WHO report (1) is much more concerned with
the health hazards of overweight and obesity and the issues
of how best to prevent excessive weight gain and to treat
different degrees of overweight and obesity. The agreement
that the normal BMI should remain at 18.5 to 24.9 kg/m2

was a compromise, because in the United States, higher
levels of BMI were accepted as normal, with some experts
suggesting that there should be an age-related increase in
these upper limits. Table 1 shows the agreed specification of
different degrees of overweight and obesity by WHO. The
additional categories of extreme BMI, based on cutoff
points of 35 and 40 kg/m2, were chosen to help in the
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development of treatment strategies. All BMI limits are
arbitrary: the categorical analysis is essentially used to
present comparative data from different countries, to depict
secular changes in the epidemic, and, as noted, to help
prepare a scheme for clinical management. In practice, Rose
(3) had already highlighted, from his reanalysis of the
distributions of BMI in adults studied for the Intersalt
project, that the prevalence of obesity was crucially depen-
dent on the shift in the distribution of the whole population.
Thus, modest shifts in the mean of the BMI distributions
caused substantial and predictable increases in the preva-
lence of obesity. The implications of this analysis are that

total population strategies should be the primary endeavor
of obesity prevention schemes and that a mean population
BMI of ,23 kg/m2 was needed if the prevalence of obesity
(i.e., BMI $ 30 kg/m2) was to be minimized.

Not only does the categorical analysis simply reflect
shifts in population distributions, but the choice of cutoff
point is also arbitrary because the health hazards of different
degrees of weight are not substantially changed at any
particular cutoff point. Indeed, Willett et al. (4) showed that
there were age-dependent changes in the relationship of
BMI to total mortality and that the classic comorbidities
intrinsically linked to an excess BMI, e.g., diabetes, hyper-
tension, gall stones, and coronary heart disease, were lin-
early related to BMI from a BMI nadir of;19 or 20 kg/m2

in prospective studies of professional groups of men and
women. Thus, the choice of an upper normal value of 24.9
kg/m2 for individuals is very generous, and this value is
quite different from the optimum population mean BMI,
which, as in the latest WHO report, should be between 21.0
and 23.0 kg/m2. Nonsmoking individuals are likely to have
an optimum life expectancy and disability-free life if their
BMIs remain at;20 kg/m2 throughout life.

Recently Asian investigators have returned to this issue
and proposed an alternative classification system (Table 2)
because they are so concerned about the high prevalence of
diabetes and hypertension at very modest increases in BMI
(5). Thus, they seek to identify a BMI cutoff point of 25
kg/m2 as signifying frank obesity and an upper limit of
normal as 22.9 kg/m2. This is an important issue because
although no evidence was published to support their con-
cern, our recent analyses of the impact of comorbidities
suggest that the absolute levels of diabetes and hypertension
on an age- and sex-specific basis are substantially higher in
individuals of Asian origin. Whereas this ethnic difference
is seen by most investigators as indicative of genetic factors,

Table 1. WHO classification of obesity

Classification
BMI

(kg/m2) Risk of comorbidities

Underweight , 18.5 Low (but risk of other
clinical problems increased)

Normal range 18.5 to 24.9 Average
Overweight $ 25
Pre-obese 25.0 to 29.9 Increased
Obese class 1 30.0 to 34.9 Moderate
Obese class 2 35.0 to 39.9 Severe
Obese class 3 $ 40.0 Very severe

Comorbidity risk

Waist circumference
(cm)

Women Men

Above action level 1 $80 $94
Above action level 2 $88 $102

Table 2. Comorbidities risk associated with different levels of BMI and suggested waist circumference in
adult Asians (5)

Classification BMI (kg/m2)

Risk of comorbidities

Waist circumference (cm)

Underweight ,18.5 ,90 (men) $90 (men)
,80 (women) $80 (women)
Low (but increased risk of other

clinical problems)
Average

Normal range 18.5 to 22.9 Average Increased
Overweight $23

At risk 23 to 24.9 Increased Moderate
Obese I 25 to 29.9 Moderate Severe
Obese II $30 Severe Very severe
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the burgeoning work of Barker and his colleagues suggests
that environmental factors are of exceptional importance.
Thus, Law et al., (6,7) in their systematic analyses, showed
a clear inverse relationship between birth weight and the
prevalence of adult hypertension in the majority of.80
studies from all over the world. Analyses from Japan,
China, and India suggest that the increased prevalence of
hypertension and diabetes at any BMI level relates to the
impact of early programming events, with hypertension
being particularly related to birth weight and diabetes being
predicted both from birth weight and from the mother’s
BMI during pregnancy. Both diabetes and hypertension are
amplified in adult life by increases in BMI, but the gradient
of effect may not be very different in differing societies.
Therefore, the amplification in the absolute but not rela-
tive risk in adult life of particular levels of BMI may well
be based on differences in fetal programming, which, in
turn, may be affected by maternal nutrition before and
during pregnancy.

A correlate of this amplified risk is the increased suscep-
tibility of those born small to the selective deposition of
excess fat in the truncal region, particularly within the
abdomen. Numerous studies now show that the waist cir-
cumference is a useful, albeit crude, measure of increased
intra-abdominal fat with an enhanced risk; recent data from
Guatemala also suggest that there is a clear relationship
between the prevalence of stunting—which in turn is related
to low birth weight (8)—and the selective accumulation of
abdominal body fat (9). Thus, the WHO Report (1) repro-
duced suggested waist circumference cutoff points, which
not only crudely predicted whether people were overweight
or obese, but also signified their propensity to hypertension
and lipid disorders, particularly low high-density lipopro-
tein cholesterol (Table 1). The Asian report (5) also sug-
gested lower waist values for Asians, because although
Asians have an increased propensity to abdominal obesity,
they still have an absolute increase in risk at any particular
waist measurement (Table 2).

Therefore, it seems likely that we will continue to use the
WHO classification scheme as a crude comparator for
worldwide data analyses, but in preventive strategies and
clinical practice, we will choose different approaches for
those subsections of society and for the many countries
where children are born disadvantaged.

Prevalence of Overweight and Obesity
Figure 1 provides our most recent preliminary estimates

of the different prevalence rates of overweight and obesity
in middle-aged men and women (45 to 59 years of age)
throughout the world. We undertook this estimate for a new
analysis of the Global Burden of Disease, which was first
presented by Murray and Lopez (10).10 years ago. The
reanalysis of the Global Burden of Disease is now underway

and includes for the first time an attempt to look systemat-
ically at the principal risk factors, which contribute to the
main diseases leading to early death and disability through-
out the world. This reanalysis is due to be presented by
WHO in May 2002, when it may prove possible to assess
the relative quantitative impact of different factors, such as
excess weight gain. Colleagues of Lopez in Australia have
already undertaken preliminary assessments of the Burden
of Disease attributable to overweight and obesity, showing
that there is a maximum impact in terms of years of life lost
and years of life with disability in men 55 to 64 years of age.
Women have the most disabled and limited years from 55
years of age onward (11). In addition, despite halving the
estimated risks of obesity to account for confounding fac-
tors, such as physical inactivity, the Australian analysis
found that in both sexes over 4% of total Disability and Life
Years Lost could be accounted for by overweight and obe-
sity. In the 14 subregions of the world, chosen by Lopez for
the new WHO analyses of global burdens, there is a remark-
able variation in the prevalence of both overweight and
obesity (Figure 1). Obesity is clearly more prevalent in

Figure 1: Preliminary estimates of the prevalence of overweight
and obesity in 45- to 59-year-olds in different parts of the world.
Note that 191 countries are included in the subregional groupings,
which have been constructed on the basis of the observed infant
mortality rates and life expectancies of the different countries. To
illustrate the nature of the regions specified, the three countries
with the biggest populations in each subregion is defined below.
Afr D, Nigeria, Algeria, and Ghana; Afr E, Ethiopia, Congo, and
South Africa; Amr A, United States, Canada, and Cuba (all the
countries in region); Amr B, Brazil, Mexico, and Colombia; Amr
D, Peru, Ecuador, and Guatemala; Emr B, Iran, United Arab
Emirates, and Saudi Arabia; Emr D, Pakistan, Egypt, and Sudan;
Eur A, Germany, France, and United Kingdom; Eur B, Turkey,
Poland, and Uzbekistan; Eur C, Russian Federation, Ukraine, and
Kazakhstan; Sear B, Indonesia, Thailand, and Sri Lanka (all coun-
tries in region); Sear D, India, Bangladesh, and Myanmar; Wpr A,
Japan, Australia, and Singapore; and Wpr B, China, Vietnam,
and Philippines.
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women worldwide. Previously, we showed that this is evi-
dent in WHO Monica Studies in which standardized sys-
tems were used for measuring heights, weights, and the
comorbidities of obesity in carefully selected adults in cities
throughout the world (12). The reasons for these differences
are probably biological and are related to the greater ability
of men to deposit more lean than fat tissue when energy
imbalance occurs with weight gain. This additional lean
tissue is then metabolically active and increases the basal
metabolic rate in men, thereby compensating for the dis-
crepancy between intake and output. Women are naturally
fatter, with less lean tissue than men, and have to gain far
more weight to accrue the additional lean tissue needed to
provide the adaptive gain in basal metabolism to match any
excessive intake (12). Women are also more often in a
domestic environment with constant access to food, which
is more conducive to recurrent eating. Despite their biolog-
ical predisposition to obesity, however, they do not always
have a greater prevalence of obesity as shown by data from
France, where the population is still culturally tuned to
eating only at set meal times. Bray and Popkin (13) showed
that the prevalence of obesity not only relates to the gross
national product of a country, but also, more specifically, to
the fat intake estimated, albeit crudely, from the Food and
Agriculture Organization Food Balance Sheets. In addition,
with economic development, there tends to be a progressive
reduction in the demands for physical activity and it seems
clear that it is the interaction among an energy-dense, high-
fat diet, its ready availability and promotion, and increas-
ingly sedentary lifestyles, which are particularly conducive
to the development of obesity.

Detailed studies from different countries, including, for
example, the United States, England, Brazil, and Japan,
show that there is a progressive increase in obesity rates
within each country but at very different rates. There is also
a clear inverse relationship in most societies between the
level of education or socioeconomic status and the preva-
lence of obesity. Thus, as noted recently by the Pan Amer-
ican Health Organization, obesity is increasingly being seen
as a feature of the poor (14). Again this may relate to social
circumstances and cultural differences, which alter behav-
ior. The choice of an energy-dense diet may be determined
by the relative cheapness of processed foods, with their
energy derived predominantly from fats and sugars. The
availability of these foods, the constant bombardment of
food advertising, provision of large portion sizes as a mar-
keting technique, and the immediate availability of fast
foods everywhere mean that individuals have to constantly
battle against the natural tendency to eat. The poor and less
educated can also gain enjoyment from watching television
and this activity requires less initiative and financial re-
source than engaging in a greater variety of social and
leisure time activities that require more energy. It is little

wonder, therefore, that as societies develop, it is the more
disadvantaged who are particularly prone to obesity.

Obesity in Children
Recently, the IOTF proposed a new classification system

for overweight and obesity in children (15). This proposal
stemmed from a major workshop organized by the Child-
hood Group of IOTF (16). The BMI index was already
being applied to children, e.g., Must et al. (17), and it
became apparent that the method of Cole and Green (18) for
developing smooth percentile BMI curves on a sex-specific
basis throughout childhood was attractive. Many regions,
e.g., Europe, North America, Japan, and the Middle East,
were also beginning to use either a 90th, 95th, or 97th
percentile as the basis for distinguishing obese children
from normal; only Australia used the 85th percentile as a
cutoff point (19). The IOTF group concluded that one could
develop an approach that married the childhood and adult
definitions by taking, at age 18 years, those percentiles that
corresponded to BMIs of 25 and 30 kg/m2 and using these
same percentiles throughout the age range for specifying
overweight and obesity in childhood in girls and boys
separately. This assumes that individual boys and girls will
tend to retain the same percentile as they grow.

The IOTF chose data from six countries, i.e., the original
National Health and Nutrition Examination Survey I data
from the United States, UK data, and surveys from The
Netherlands, Hong Kong, Singapore, and Brazil. This
choice could have been improved by the inclusion of data
on well-fed children of Indian and African origin, but suit-
able data were not available. The composite percentile cut-
off points chosen from the six datasets are now used in
many parts of the world (15). The IOTF overweight cutoff
points correspond approximately to the 90th and 95th per-
centiles for British and Dutch men, respectively, but the
obesity cutoff points are above the 97th percentile for nearly
all of the assessed national surveys. It is not surprising,
therefore, that they show much greater variability at these
extreme values.

There have been concerns about the use of BMI in a
standardized form as an index of fatness in children from
different societies and with different ages for the onset of
puberty (16). However, Reilly et al. (20) recently assessed
the sensitivity and specificity of the IOTF BMI cutoff points
for overweight and obesity, using UK data and body im-
pedance measures of total fat. They found that there was
excellent specificity and sensitivity for the overweight cut-
off points, but somewhat lower sensitivity for the higher
obesity cutoff point (Table 3).

Tracking of Body Fat and BMI into
Adult Life

The usefulness of the age- and sex specific BMI cutoff
points in the IOTF reference values and the adult BMI
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cutoff points of 25 and 30 kg/m2 would be amplified if there
was good percentile tracking of both body fat and BMI
through childhood into adult life. Guo and Chumlea (21)
recently found from U. S. longitudinal studies that the
probability of children with high BMIs still being over-
weight and obese at the age of 35 years rises markedly
throughout childhood. The probability of being overweight
at 35 years of age was 0.3 in 5-year-old children with a BMI
at the 95th percentile,;0.35 at 10 years of age, 0.5 at 15
years of age, and;0.7 at 18 of age. IOTF, therefore, chose
to concentrate on children 5 years of age and older. Rolland-
Cachera et al. (22) also produced a detailed study of 164
subjects monitored from the age of 1 month to adult life.
Only 41% to 42% of preschool children remained in their
original category of being lean, medium, or fat into adult
life if these categories were defined based on the 25th and
75th percentiles of BMI. Rolland-Cachera et al. then fo-
cused on the issue of fat-rebound in prepubertal school
children, but systematic reviews of the evidence, e.g., by
Power et al. (23) and Parsons et al. (24) did not find much
evidence for the value of selective monitoring in the prepu-
bertal phase to predict the emergence of obesity, if this is
based on detailed analyses of weight rebound. The analyses
by Power et al showed that the older the children studied,
the greater the risk of their continuing to be obese in adult
life. Once children were over 5 years of age, being obese
incurred a great risk of this persisting, with the majority
remaining obese in adult life (Table 4).

Barlow and Dietz (25) emphasized the value of concen-
trating on children at least over the age of 3 years, and a
consensus seems to have emerged that, currently, one
should focus on children of school age for predicting the
risk of persisting obesity. This is quite different from as-
sessing how many obese adults were originally overweight
as children. Given the rising prevalence of obesity with age

in both childhood and adult life, the prevalence of adult
obesity cannot be predicted from childhood data, but in-
creasing childhood obesity heralds a greater health burden
in adult life. Thus, as the epidemic of childhood obesity
emerges throughout the globe, we can confidently predict
that the health impact of excess weight gain will be ampli-
fied in years to come. On this basis, we can expect the
emergence of systematic epidemiological surveys through-
out the world as governments confront what is already seen
by WHO as the biggest unrecognized public health problem.

Acknowledgments
No outside funding/support was provided for this study.

References
1. World Health Organization. Obesity: Preventing and Man-

aging the Global Epidemic. WHO Obesity Technical Report
Series 894. Geneva, Switzerland: World Health Organization;
2000.

2. World Health Organization. Physical Status: The Use and
Interpretation of Anthropometry. Technical Report Series 854.
Geneva, Switzerland: World Health Organization; 1995.

Table 3. Sensitivity and specificity of definitions of
overweight and obesity based on the BMI cutoff points
for boys and girls (20)

Sensitivity
(%, n)

Specificity
(%, n)

Boys
Overweight 90 (90/100)* 92 (1756/1910)
Obesity 46 (46/100)† 99 (1901/1910)

Girls
Overweight 97 (94/97) 84 (1543/1841)
Obesity 72 (70/97) 99 (1813/1841)

Significant difference in sensitivity between the sexes: *p , 0.05;
†p , 0.01.

Table 4. The likelihood of overweight children con-
tinuing to be obese in adulthood

*Study
number

Age of monitoring
(years)

Percentage
still obese in
adulthood

Childhood Adulthood Men Women

1 10 to 13 29 to 34 74 72
2 9 to 13 42 to 53 63 —
3 ,1 20 to 30 36 —
4 9 to 10 31 to 35 57 64

13 to 14 31 to 35 77 70
5 1 to 5 19 to 26 27 —
6 7 35 40 20

13 35 40 30
7 7 14 90 87

7 16 63 62
8 2 to 14 10 to 24 43 —
9 1 to 14 10 to 23 42 66

10 13 to 17 27 to 31 58 —
11 7 33 43 63

11 33 54 64
16 33 64 78

* Studies cited by Power et al. (23), together with their unpub-
lished data. The proportion of obese adults who had been the most
overweight children was usually 3- to 10-fold lower than the
corresponding probability of overweight children remaining of
excessive weight.

Worldwide Obesity Epidemic, James et al.

232S OBESITY RESEARCH Vol. 9 Suppl. 4 November 2001



3. Rose G. Population distributions of risk and disease.Nutr
Metab Cardiovasc Dis.1991;1:37–40.

4. Willett WC, Dietz WH, Colditz GA. Guidelines for healthy
weight.N Engl J Med.1999;341:427–34.

5. World Health Organization/International Association for
the Study of Obesity/International Obesity Takforce.The
Asia-Pacific perspective: redefining obesity and its treatment.
Available at: http://www.idi.org.au/obesity report.htm.

6. Law CM, Shiell AW. Is blood pressure inversely related to
birth weight? The strength of evidence from a systematic
review of the literature.J Hypertens. 1996;14:935–41.

7. Huxley RR, Shiell AW, Law CM. The role of size at birth
and postnatal catch-up growth in determining systolic blood
pressure: a systematic review of the literature.J Hypertens.
2000;18:815–31.

8. James WPT, Norum K, Smitasiri S, et al.Ending malnu-
trition by 2020: an agenda for change in the millennium: final
report to the ACC/SCN by the Commission on the Nutri-
tion Challenges of the 21st Century.Food Nutr Bull.2000;
21(suppl):1– 88.

9. Schroeder DG, Martorell R, Flores R. Infant and child
growth and fatness and fat distribution in Guatemalan adults.
Am J Epidemiol.1999;149:177–85.

10. Murray CJ, Lopez AD. Global and regional cause-of-death
patterns in 1990. Bull World Health Organ. 1994;72:447–80.

11. State of Victoria. Victorian Burden of Disease Study: Mor-
bidity. Melbourne Victoria, Australia: Public Health Division,
Department of Human Services; 1999.

12. James WPT, Reeds PJ.Nutrient partitioning. In: Bray GA,
Bouchard C, James WPT, eds.Handbook on Obesity. New
York, NY: Marcel Dekker Inc.; 1997:555–71.

13. Bray GA, Popkin BM. Dietary fat intake does affect obesity
rate.Am J Clin Nutr.1998;68:1157–73.

14. Peña M, Bacallao J, eds.Obesity and Poverty. Scientific
publication 576. Washington, DC: Pan American Health Or-
ganization; 2000, pp., 41–9.

15. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a
standard definition for child overweight and obesity world-
wide: international survey.Br Med J.2000;320:1240–3.

16. Dietz WH, Bellizzi MC. Assessment of childhood and ado-
lescent obesity.Am J Clin Nutr.1999;70(suppl):117–75S.

17. Must A, Dallal GE, Dietz WH. Reference data for obesity:
85th and 95th percentiles of body mass index (wt/ht2) and
triceps skinfold thickness.Am J Clin Nutr.1991;53:839–46.

18. Cole TJ, Green PJ.Smoothing reference centile curves: the
LMS method and penalized likelihood.Stat Med.1992;11:
1305–19.

19. Guillaume M. Defining obesity in childhood: current prac-
tice. Am J Clin Nutr.1999;70(suppl):126–30S.

20. Reilly JJ, Dorosty AR, Emmett PM, the ALSPAC Study
Team. Identification of the obese child: adequacy of the body
mass index for clinical practice and epidemiology.Int J Obes
Relat Metab Disord.2000;24:1623–7.

21. Guo SS, Chumlea WC.Tracking of body mass index in
children in relation to overweight in adulthood.Am J Clin
Nutr. 1999;70(suppl):145–8S.

22. Rolland-Cachera MF, Deheeger M, Guilloud-Bataille M,
et al. Tracking the development of adiposity from one month
of age to adulthood.Ann Hum Biol.1987;14:219–29.

23. Power C, Lake JK, Cole TJ. Measurement and long-term
health risks of child and adolescent fatness.Int J Obes Relat
Metab Disord.1997;21:507–26.

24. Parsons TJ, Power C, Logan S, Summerbell CD.Child-
hood predictors of adult obesity: a systematic review.Int J
Obes Relat Metab Disord. 1999;23(suppl):S1–107.

25. Barlow SE, Dietz WH. Obesity evaluation and treatment: ex-
pert committee recommendations.Pediatrics.1998;102:1–11.

Worldwide Obesity Epidemic, James et al.

OBESITY RESEARCH Vol. 9 Suppl. 4 November 2001 233S


