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1. Introduction

. Overweight can be defined as excess storage of body fat in an individual. In adult men with a
"normal" weight, the percentage of body fat is about 15-20%. In women this percentage is
higher, about 25-30%. In spite of the fact that differences in weight between individuals are
only partly due to variation in body fat, indices based on relative weight (such as body mass
index (BMI), defined as weight (kg) divided by the square of height (m?)) are most often used
to measure the degree of overweight, It has been shown that there is a very good correlation
between BMI and the percentage of body fat in large populations !, and therefore the use of
BMI to measure the degree of overweight in populations is justified. Overweight is generally
defined as BMI equal to or higher than 25 kg/m? and obesity as BMI equal to or higher than
30 kg/m’. These cut-off points have been recently incorporated in the WHO Expert
Committee recommendation for the classification of overweight 2. The WHO report names
the first as grade 1 overweight and the latter as grade 2 overweight, but these terms have not
spread to a wider use. In the following, the term overweight will be used to refer both to
overweight and obesity when not referring to obesity alone.

Overweight is independently related to the incidence of several chronic discases, such as
coronary heart disease, non-insulin-dependent diabetes (NIDDM) and stroke, both in men and
women, as well as to overall mortality *%, In addition, it is associated with an increased
incidence of arthritis, gallbladder disease, sleep apnea and certain types of cancer (breast and
endometrial cancer in women, colon cancer in men) °. Moreover, overweight is related to
some other risk factors such as blood pressure, serum cholesterol and insulin resistance which
add to the risk of chronic disease morbidity and mortality *. The relative risk of mortality
associated with overweight is similar in men and women, whereas the absolute risk is much
lower in women than in men, BMI in the range 25-30 kg/m? is responsible for the major part
of the impact of overweight on diabetes mellitus and cononary heart disease mortality due to
its high prevalence in affluent populations **,

In addition to the degree of overweight, body fat distribution has been found to be
related to health. Vague '° concluded in the 1950s that the male pattern of fat distribution
{android obesity) carried a greater health risk than the ferale pattern (gynoid obesity). Later
the concept was further developed and a distiction between abdominal and gluteo-femoral
obesity was made, Adbominal obesity was found to be more closely linked to the

development of cardiovascuiar disease, NIDDM, stroke and mortality than the degree of
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overweight "' At the time, the underlying biological mechanism for this was largely
unknown, whereas later research has indicated that the fat stored in the abdominatl cavity
(visceral fat) may be the major source of health risk . Because the direct measurement of
the different types of body fat is not feasible in large epidemiological studies, anthropometric
indices have been used to measure abdominal obesity. The ratio of waist to hip circumference
is the most often used indicator, but several other indices have also been used to measure
abdominal obesity in epidemiological studies '°,

Overweight is a common condition in most industrialized countries and a growing
problem also in many developing countries "3, More than half of the population aged 35-64
in Burope is overweight '°. Overweight is more common in middie-aged men than in women,
whereas obesity is more common in women than in men, There are, however, large
differences in the prevalence of overweight between populations, For example, the prevalence
of obesity in the populations included in the WHO MONICA Project ranged from less than
10% {Beijing and Gothenburg) to over 40% (women in Kaunas, Lithuania) in the early 1980s.
During the past decade, the prevalence of obesity has increased in most countries which have
reliable data on trend estimates ',

Most of the data on body fat distribution has been coliected for the purpose to
investigate the association between body fat distribution and disease and are rarely
representative of the general population. Knowledge on fat distribution and prevalence of
abdominal obesity in general populations is therefore scarse. Furthermore, the results are
difficult to compare between populations because different studies have used different
methods. Even less is known about trends over time in fat distribution measures within
populations.

While public health efforts to reduce the level of such risk factors as smoking, blood

!, overweight has

pressure and serum cholesterol have been successful in many countries
emerged as an increasing public health problem. Intervention studies aimed at changing body
weights in obese subjects have not been successful 5, Therefore, primary prevention of
overweight seems the only way to fight the problem. In many countries the health authorities
have recognised the serious health burden of increasing prevalence of overweight in the
population and have set national targets to reduce the prevalence of overweight. Likewise, the
WHO has launched an International Obesity Task Force %, The prevention of overweight
requires, naturally, knowledge about the aetiology of overweight.

Overweight in individuals in any population is the result of a long-term positive energy

balance. However, very little is known about the factors that may explain the large differences



in the prevalences of overweight between populations. Several epidemiological studies have

shown that the following factors are associated overweight in a population

2,19,27

Demographic factors:

L3

Age: Overweight increases with age at least up till age 50-60 years in men and women,
Gender: Women have generally higher prevalence of obesity than men, especially when
older than 50 years, whereas men usually have higher prevalence of overweight than

wornen.

Ethnicity: large, usually unexplained, variations between ethnic groups have been

observed.

Socio-cultural factors:

Socio-economic status: In indusirialized countries, the prevalence of overweight is higher
in subjects with lower level of education andfor income compared to those with high
socio-cconomic stafus, especially among women. In developing countries, the prevalence
of overweight is usually higher in subjects with high socio-economic status, both in men
and women,

Marital status: Usually overweight increases after marriage.

Cultural norms: In many societies overweight is considered as a sign of wealth and health,
whereas in many others it is not. There are also differences between populations in what is

considered as "ideal weight".

Behavioral factors:

Dietary intake: Although it is clear that nutrition is of critical importance in establishing a
positive energy balance, methodological errors in determining energy intake, confounding
and increased underreporting of energy intake with increasing degree of overweight make
it difficult to interpret the results.

Smoking: Smoking is associated with lower body weight and stopping smoking often
leads to an increase in weight.

Alcohol consumption: The effect of alcohol consumption is unclear in most populations.
Physical activity: Those who remain or become inactive are nsually heavier than those
who are physically active. Studies on physical activity suffer, however, from similar
methodological problems as studies on nutrition intake, and confounding, biased reporting

and measurement error make it difficult to interpret the results.



Genetic factors:

¢ Genetic factors play a role in the onset of obesity in two ways, First, there are genes or
chromosomal abnormalities that are primary factors in the development of obesity. These
are, however, rare in the general population. Second, there are genes that modulate the
interaction with environmental factors such as diet and exercise (genetic predisposition for
obesity). -

Most of the determinants of overweight are also determinants of body fat distribution 2,

Smoking, however, while inversely associated with relative weight, is positively related to

waist-hip ratio, meaning that even if smokers are leaner than non-smokers they have higher

waist-hip ratio than non-smokers of similar weight 2, Body fat distribution and relative

weight are also interrelated, so that heavier individuals tend o have more abdominal obesity

than leaner individuals **°,

Outline of the thesis

The objective of this thesis is to investigate some of the determinants of relative weight and
body fat distribution mentioned above. The perspective is intemational, comparing the
determinants and their associations with relative weight and body fat distribution among
populations with widely different prevalences of overweight, First, a review on the selection
of indicators and cut-off points of abdominal obesity is given (chapter 2). Next, the methods
of this thesis are presented (chapter 3): the study populations are described and the quality
assessment procedures applied in the WHO MONICA Project for the measurements of
relative weight (weight and height) and body fat distribution (waist and hip circumferences)
to quarantee the comparability of data between populations and within populations over time
are presented. In chapter 4, the focus of attention is on the determinants of relative weight.
Differences between populations in the effect of smoking on relative weight, the effect of
educational level on this association, and the association between educational level and
relative weight and changes in this association over a 10-year study period are explored. In
chapter 5, the determinants of body fat distribution are discussed, concentrating especially on
age and degree of overweight. The distributions of anthropemetric measures of abdominal
obesity (waist and hip circumferences and waist-hip ratio} in different populations are
presented. In addition, the applicability of waist circumference cut-off points for abdominal

obesity suggested by others is examined in the MONICA populations. Finally, the
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investigation of the applicability of the suggested waist circumference cut-off points is

expanded to the elderly. In the general digcussion {chapter 6), the main results of this thesis

are summarized and some methodological aspects discussed. The chapter is closed by

reflecting the impact of the results of this thesis on future research.
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2. Review on indicators of abdominal obesity

2.1 Introduction

Body mass index (BMI) is the most commonly used measure of relative weight, It was first
introduced by Quetelet in the end of last century. Although the percentage of fat in an
individual with the same value of BMI can vary, it has been shown that there is a very good
correlation between BMI and the percentage of body fat in large populations '. It has also
been shown that BMI is largely independent of height 2. Although some studies have
suggested that the interpretation of BMI may be different in some racial groups * and in the
elderly *7, or that BMI is not completely independent of height, especially in women 89 there
is a relative concensus in the research field that BMI is a useful measure of relative weight in
adults.

Measures of body fat distribution, however, vary from study to study. Many
antropomefric indicators, such as waist-thigh ratio, waist-height ratio, sagittal abdominal
diameter etc. have been used as measures abdominal obesity in the liferature. The most
commonly used measure of abdominal fatness is, however, the ratio of waist circumference to
hip circumference. Other measures of body fat distribution include e.g. skinfold thickness
ratios. No concensus exists in the field about an optimal indicator of body fat distribution.

Cut-off points for a health indicator are used to express the magnitude of health risks
conveyed by the condition. Cut-off points are useful tools in public health recommendations
giving guidelines when to start treatment or other medical intervention. Intemational
guidelines exist e.g. for such risk factors as hypertension and hypercholesterolemia ‘!,
Universal cut-off points enable also a comparison of the prevalence of the condition between
populations and within populations over time, and thus facilitate the scientific research of the
condition. Lately, the BMI cut-off points have been incorporated in the WHO Expert
Committee recommendation on the classification of degree of overweight ’. Similar cut-off
points have been suggested in the literature for body fat distribution '2, but the topic remains
controversial.

We will next concentrate on one specific area of body fat distribution: abdominal

obesity. We will review the discussion in the literature on the selection of anthropometric



indicators suggested as optimal indicators of abdominal fatness and the cut-off points based

on these indicators as markers of elevated risk or guidelines for intervention.
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2.2 Selection of abdominal indicators for classification of abdominal fatness

~ a critical review

Abstract

In the literature, a varety of anthropometric indicators for abdominal obesity have been
suggested. The criteria for their selection vary, and they have been justified mainly on the
basis of being correlated with other risk factors, with morbidity and mortality or to be
predictors of the amount of visceral fat. Many of the studies, however, suffer from
methodological limitations: they are based on a small number of subjects, often derived from
cross-sectional data, based on indirect measurement of risk or the indicators are complicated
to interpret biologically or difficult to use in a public health context. The literature lacks a
systematic evaluation of the proposed indicators taking into account possible differences
between sexes, age categories and ethnic groups and different diseases and mortality.

Similar considerations relate to the cut-off points based on the indicators of abdominal
obesity. The suggested cut-off points for waist-hip ratio have been based on rather arbitrary
criteria, and the studies where cut-off points for waist circumference have been suggested
have methodological sherteomings as well, such as being based on cross-sectional data and
arbitrary cut-off points for other varables, It is also a reason for concem that so far all the
suggested cut-off points for abdominal obesity have been based on results obtained in
Caucasian populations. Moreover, they are based on the assessment of risk and their
appropriateness in the use of intervention has not been evaluated. Therefore, no consensus
about the appropriateness of the different cut-off points have been reached.

In conclusion, there is an apparent lack of consistency in the field and therefore a more
scientifically and theoretically solid basis for the selection and use of anthropometric
indicators of abdominal obesity and cut-off points based on them should be a high priority in

this research field in the near future.
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Totroduction

The WHO Technical Report | on the use and interpretation of anthropometry from 1995 lists

several objectives for the use of anthropometric indicators:

o Identification of individuals and populations at risk, in which case an indicator should
reflect past or present risk.

o Selection of individuals or populations for an intervention, in which case an indicator
should predict the benefit to be derived from the intervention.

o  Evaluation of the effects of changing nutritional, health or socio-economic influences,
including interventions, in which case an indicator should reflect the response to past and
present intervention.

o Excluding individuals from high-risk treatment, from employment or from certain
benefits, in which case an indicator should predict a lack of risk (which is not always the
same as to predict a risk).

e Achieving normative standards, some indicators are used just to reflect “nommality” in a
population.

*  Research purposes that do not involve decisions affecting nutrition, health or well-being,
in e.g. biological, behavioural and epidemiological modetiing,

The appropriateness of indicators thus depends on the specific objectives of their use. Up to

now, anthropometric indicators, including those for body fat distribution, have usually been

based solely on the first objective i.e. on the identification of individuals at risk for mortality
or morbidity. Little is known about how the use of cut-off points for anthropometric
indicators meets different objectives.

The importance of fat distribution, especially abdominal obesity, as a risk factor for
several diseases such as cardiovascular diseases, hypertension, stroke and non-insulin-
dependent diabetes (NIDDM), and mortality has been generally recognized during the last
decades. It was Vague 2 who first about 50 years ago showed the importance of fat
distribution in relation to various diseases. He described what he called ‘android’ and
‘gynoid’ types of obesity, later interpreted by Kissebah and colleagues > as upper body vs.
lower body fat accurnulation, During the following decades other classifications of fai
distribution were developed based on determining the central vs. peripheral types of obesity.

These were estimated from the skinfold patterns e.g. subscapular-to-triceps skinfold ratio.



From the 1980s onwards the importance of abdominal obesity was recognised and the
distinction between abdominal and gluteo-femoral patterns of fat distribution was made,
Increasingly, the importance of visceral fat accumulation was emphasized.

The recognition of visceral faf accumulation as a potential risk factor led to the
development of techniques to measure directly the amount of intra-abdominal fat (i.e.
computed tomography and magnetic resonance imaging). Because these techniques are
laborious and expensive, their use in large epidemiological studies is usually not feasible.
Instead, fat distribution can be estimated from simple anthropometric measures. In the
literature, numerous anthropometric indicators have been suggested as best measures of
different concepts of body fat distribution. In this short review the discussion is limited to
anthropomeetric indicators proposed to measure abdominal obesity, describing their selection

criteria and evaluating the objectives of their use.

Anthropometric indicators of abdominal obesity

Table I lists a number of different indicators suggested in the literature as best measures for
abdominal obesity. Each of them have been developed as a response to different challenges to
describe body fat distribution and different criteria have been used to justify their selection. In
the late 1970s Ashwell et al. * developed a score based on waist to thigh diameters measured
from photographs to classify subjects having android or gynoid type of obesity, and a few
years later they developed a similar indicator from body circumferences °. In the beginning of
1980s two groups, one in Gothenburg % and another in Wisconsin ', used waist-hip ratio to
measure fat distribution. Both groups expressed the need to standardize the waist
circumference for body build but uséd the hip circumference instead of the thigh
circumference because the latter was not available. They argued that the waist-hip ratio as
good as the waist-thigh ratio in identifying upper bedy vs. lower body obesity.

An important turning point was the recognition of computed tomography (Ashwell et al.
1985 ®) to measure directly the amount of abdominal body fat and the differentiation of the
roles between subcutaneous and visceral abdominal fat, Consequently, attempls were made to
establish optimal anthropometric predictors of visceral fat. Abdominal sagittal diameter S1e
and, later, waist circumference ' have been shown to be good predictors of visceral fat.
Also the ratio of waist to height has been used '* and has been claimed to be a better predictor

of visceral fat than waist-hip ratio ' although this was not confirmed in subsequent studies ™.
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Table 1. Historical overview of the introduction of anthropometric indicators of abdominal obesity suggested in the literature.

Indicator

Initially proposed by

Initial reason for use

(Claimed) advantages

Potential disadvantages

Waist-thigh ratio (WTR)

Ashwell etal. 1978 * and
1082°%

Classifies android vs. gynoid obesity

{Better correlate of visceral fat/risk
factors than waist-hip ratio) %7

May reflect both muscle and fat
distribution
Ratio*

‘Waist-hip ratio (WHR) | Krotldewskietal. 1983 ° | Similar to waist/thigh ratio Good predictor of mortality and May reflect both muscle and fat
Hartz et al. 19837 morbidity distribution
Generally used i.e. comparzble Ratio*
between studies
Abdominal diameter Kvistetal 1986° High correlation with visceral fat Best correlate of visceral fat More difficelt to measure in public
observed by CT scan health context than waist
circumneference
Waist-height ratio Higgins et al. 1987 ©* Lack of measurements of hip and (Better predictor of visceral fat than | Ratio*

thigh

waist circumference or WHR) *
Better predictor of mortality than
WHR

Height is inversely associated with
morbidity/mortality independent of
fat distribution

Conicity index

Valdez 1991 °

To standardize waist circumference
for body shape

{Expected range, built-in adjustment
of waist circumference for height and
weight, does not require hip

Complex to interpret

circumference)
Abdominal diameterto | Kahnetal 1993 ™ Better predictor of IHD and mortality | (Best simple index to predict May reflect both muscle and fat
midthigh girth ratio from sudden coronary death than morbidity and mortality) distribution
WHR Ratio*
Waist circumference Pouliot et al 1994 *° Correlation with visceral fat Simple interpretation High correlation with BMI
Lean etal. 1995 % Replacement of BMI and WHR Better correlate of visceral fat than

WHR. and WIR

* Ratios are difficult to Interpret biologically " and have fimitations in relation to their use in statistical analyses '8,




In the beginning of 1990s other indicators of abdominal obesity, such as conicity index '* and
ratio of abdominal diameter to midthigh girth '® have been developed based on a variety of
criteria.

Following the introduction of these indicators, numerous studies have been published to
show the advantage of a particular indicator in comparison with other indicators. Often these
studies have shown differences too small to have any practical importance or they have been
based on small samples, cross-sectional data or indirect measurement of risk (by other risk
factors or amount of visceral fat). Consequently, instead of providing evidence for one single
indicator this has led to a diversity of “competing” indicators,

All the proposed indicators have advantages and disadvantages in relation to their
interpretation and use in public health context as listed in Table 1. Many of these indicators
are specified as ratios in an attempt to control for some potentially confounding variable.
Ratios are, however, difficult to interpret biologically and a change in body fat distribution
may produce little or no change in the ratios . Furthermore, ratios have limitations regarding
to their use in statistical analyses and their use can introduce spurious correlations among the
ratios and other variables ',

For example, at the time waist-hip ratio was introduced the biological mechanism
linking it to the development of disease was largely unknown. Since then more studies have
been undertaken to explore this mechanism. With an increasing knowledge about potential
mechanisms, it has become apparent that the waist-hip ratio is difficult to interpret
biologically. The waist circumference measures predominantly visceral organs and abdominal
- both subeutaneous and intra-abdominal - fat. The hip circumference may reflect different
aspects of body composition i.e. muscle mass, fat mass and skeletal frame. When these two
circumferences are combined in a ratio, it is difficult to interpret differences in the ratio
between and within individuals. For instance, waist-hip ratio may be a good predictor of risk
of NIDDM but that may not be solely due to abdominal fat accumulation but also the relative
size of peripheral muscle '°. In addition, a reduction in weight usually results in a reduction in
both waist and hip circumferences and that will not necessarily result in a change in waist-hip
ratio °, and in turn, a decrease in waist-hip ratio may not necessarily be independently related
to a reduction in cardiovascular risk factors *'.

Waist-height ratio is another example of an indicator with problems of interpretation.
Statistically this ratio may be a better predictor of morbidity and mortality than waist-hip ratio

and waist circumference, but this may be partly due to the contribution of short stature which
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is associated with increased morbidity 2*, Moreover, waist circumference is only very weakly
correlated with height 2, so that the necd to adjust waist for height is minimal.

The conicity index includes a buili-in adjustment of waist circumference for weight and
height. It is, however, too complicated to use in a public health context and difficult to
interpret biologically. Abdominal sagittal diameter is more closely related to visceral fat
volume than waist circumference or waist-hip ratio L 1 is, however, more difficult to
measure than waist circumference, particularly in the general population.

Waist circumference is strongly correlated with visceral fat areas and can be easily
measured and interpreted. This makes it a suvitable candidate for an optimal indicator of
abdominal obesity. Some researchers have, however, argued that it may be an
oversimplification to use waist circumference as a single measurement for cardiovascular risk
5 Waist circumference is strongly correlated with BMI and the addition of waist to age and
BMI adds little, especially in women, to the explanation of the variance in visceral fat ¢, This
is puzzling because concerning some diseases, e.g. stroke 27, waist circumference seems to be
a better predictor of risk than BMIL Waist circumference is also strongly related with
abdominal subcutaneous fat, total abdominal fat and total body fat *®. This raises the question
whether visceral fat after all is the major risk factor for disease, In their review of the
literature Seidell and Bouchard % concluded that the evidence linking visceral fat as the main
determinant of diseases is largely circumstantial. The question whether it is visceral fat or
general adiposity which causes increased risk of morbidity and mortality needs to be clarified.
An additional explanation may be that visceral fat is more important for some discases e.g.
NIDDM *® and stroke 2’ while general adiposity may be more important factor for
cardiovascular diseases *' and mortality >*. The relation might also be age-specific. Rimm et
al. ¥, for instance, found in a large prospective study of the US men that before the age of 65
years BMI was the best predictor of coronary heart disease, whereas in men 65 years or over
waist-hip ratio was a better predictor of risk. Goodman-Gruen et al. ** found that after the age
of 80 waist-hip ratio is a poor method of assessing central or visceral adiposity and waist
circumference is a better measure of fat distribution. Clearly, there is a need for clarification
about the appropriateness of these indicators.

In practise, it may prove fo be difficult to evaluate the independent effects of visceral fat,
subcutaneous fat and general adiposity on morbidity and mortality, because it requires large
prospective studies and the measurement of visceral fat, as mentioned earlier, is not feasible
in a large number of subjects. One possibility is to measure anthropometric indices in the

whole study population and to use predictive equations to estimate visceral fat, subcutaneus
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fat and total fat from the anthropometric measurements. CT scans in a random subsample of
the study population can be used to develop these predictive equations. It has been suggested
that estimates of body compartments obtained from such equations predict a change in
cardiovascular risk factors better than anthropometric measurements >. Differences in the
equations between sexes and age groups should be tested, and in general the validity and

accuracy of these equations should be appropriately demonstrated ** before their use.

Cut-off points based on anthropometric indicators of abdominal obesity

Criteria for selection of cut-off points

The literature concerning the definition of cut-off points of anthropometric indicators of
abdominal obesity shows a large vartety of (often arbitrary) criteria for classification. There
are several criteria on which the cut-off points can be selected. These include:

e Percentiles of distribution or standard deviation scores. These are possible only if large
datasets representative of the whole population are available. Percentiles have been used
in various health recommendations e.g. in life insurance tables for desirable weight *°, the
American National Center for Health Statistics classification of BMI 36, and Canadian
Fitness Survey’s recommendations for waist-hip ratio *. This approach has, however,
several drawbacks. The choice of percentile cut-off points is always somewhat arbitrary, it
assumes that the average in the population is desirable and the cut-off points are
vulnerable fo changes over time as the population distributions change. The population-
specific percentile cut-off points also make it difficult to compare prevalences across
populations.

e Other classifications. For ecxample, waist circumference cut-off peoints to replace
classification based on cut-off points for BMI and waist-hip ratio %,

o Relative or absolute health risk. This can be done based on inspection of the association
between the anthropometric indicator and an indicator of risk (incidence of disease or
presence of risk factors) or on evaluation of sensitivity/specificity/positive predictive
value (receiver operating characteristics (ROC) analysis ***) for detecting high risk in

individuals.
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e A “critical amount” of visceral fat in a reference population. Also this can be done by
inspection of the association between the anthropometric indicator and the amount of
visceral fat (as in Lemieux et al, ') or by ROC analysis *2, This is usually feasible only in
a relatively small number of subjects and therefore the generalizability of the results is

limited.

Cut-off points proposed in the literature

There is a relative consensus about the classification for general adiposity which is
incorporated in the WHO recommendation based on categories of BMI !, Similar universal
recommendation for abdominal obesity would be very helpful for the purposes of public
health recommendations and comparisons between populations, Atternpts have been made to
derive such cut-off points, and in this review we will examing the cut-off points for abdominal
obesity suggested in the literature based on a) waist-hip ratioc and b) waist circumference.
Table 2 lists some of the recommendations frequently cited in various studies and in health
recommendations. The criteria behind their selection and the methods used to defing them
will be compared and their methodological strengths and limitations discussed.

The first recommendations on cut-off points for waist-hip ratic were given by Per
Bidmtorp in the early 1980s # He induced the cut-off points from the analysis of the
prospective Gothenburg Studies in men and women. The carliest publications ***° did not
mention these cut-off points and give only the risk of disease in quintiles and tertiles of waist-
hip ratio (the cut-off points for which are not specified for the reader). Bjomtorp argued that
“the risk of complicating disorders to obesity increase sharply at a waist-hip circumference
ratio exceeding 1.00 in middle-aged men and 0.80 in middle-aged women” *®, Thus these cut-
off points were established based on visual inspection of the association between waist-hip
ratic and relative risk of disease, They were derived from relatively small number (792) of
middle-aged men all bom in the same vear and a larger sample (1462) of middle-aged
women. Inspection of the association between waist-hip ratio and mortality and morbidity
shows a gradual increase in risk and therefore these cut-off points were rather arbitrary. In
addition, in men the hip circumference was measured at the level of iliac crest which is
deviating from the current WHO recommendation '. Nevertheless, these cut-off points have
since then been cited in numerous studies, In a public health context these cut-off points have,

however, the advantage of being easily understood.
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Table 2. Criteria and methods used to define cut-off points for need of weight management on the basis of fat distribution suggested in the literature.

Criteria Methed Age Sex Number of Selection | Agerange Population | Cut-off poits
specific specific | observations | eriteria
Waist-hip ratio
Bjdmtorp 1985 Risk of CVD (1 No Yes 792 men Population | men: 54 Caucasian 1.00 men
and death 1462 women | -based women: 38-60 | (Swedish) 0.80 women
Bray 19877 Risk of CVD (1 No Yes same as 1.00 men
and death, Bjémtorp (.90 women
Dietary guidelines for | ? ? Ne Yes ? ? ? ? (.95 men
Americans 1990 ** (.80 women
Lemicux etal. 19967 | Absolute level | Regression | No Yes 213 men Self- 18- Caucasian 0.94 men
of visceral fat analysis 190 women reeruited (Canadian) 0.88 women
Waist circumference
Lean ctal, 1995 ¢ Cut-off points Sensitivity No Yes 990 men Population | 25-74 Caucasian 102 em men
for BMI and and 1216 women | -based {Scottish (3) | 88 cm women
waist-hip ratio specificity
(2
Lemieux etal. 1996 | Absolute level | Regression | Yes No 213 men Self- 18- Caucasion 100 cm < 40 yrs
of visceral fat analysis 190 women recruited {Canadian) 90 cm > 40 yrs

1) Both seem to induce their cut-off points from the reports of the Gothenburg Study *** although the original articles do not mention these cut-off points.
2) Later verified against cardiovascular risk factors *'.
3) Tater verified in Putch population *.



Another often cited reference for waist-hip ratio cut-off points is the paper of Bray 4
where he recommend the cut-off points 1.00 for men and 0.90 for women. The interesting
feature about this recommendation is that Bray seems to base it on the same original studies
546 of the Gothenburg group as Bjomtorp, Other cut-off points for waist-hip ratio have also
been suggested, like the US Department of Agriculture 0.95 for men and 0.80 for women .
Soine investigators have, however, raised the issue that the suggested cut-off points may not
be appropriate in all age and ethnic groups "',

As already mentione.d, at the time waist-hip ratio was introduced in the literature, the
biological mechanism behind it was largely unknown. Most researchers currently adhere to
the view that the risk factor of disease is the visceral adipose tissue depot, although the
evidence still is far from conclusive 2%, If true, however, waist circumference shows a higher
correlation with visceral fat than waist-hip ratio and therefore qualifies as an attractive
candidate as an indicator of risk. The use of such single measurement would simplify the
interpretation of epidemiological data as well as health recommendations regarding weight
management, Consequently, cut-off points for waist circumference have been suggested in the
literature,

Lean et al, *® have suggested two “action levels” for waist circumference. According to
them men with waist circumference 2 94 cm and women with waist circumference > 80 cm
should gain no further weight (action levet 1}, and men with waist circumference 2102 cm
and women with waist circumference = 88 cm should reduce their weight (action level 2).
These cut-off points are based on cut-off points for BMI (= 25/m” at action level 1, and = 30
kg/m?® at action level 2) and waist-hip ratio (0,95 for men and 0.80 for women at both action
levels). The exact procedure which resulted in these cut-off points is not clear from the
original paper, but the authors show a very high sensitivity and specificity (>90%) for these
cut-off points in respect to the cut-off points for BMI and waist-hip ratio in their study
population. The authors did not, however, follow the conventional way of defining true and
false positives which would have resulted in a lower estimate of sensitivity. The study
population was a relatively large sample of 990 men and 1216 women representative of the
population aged 25-74 years in Glasgow. Later the same team has verified the cut-off points
in a population based sample of Duich citizens and have likewise shown a very high
sensitivity and specificity in respect to cut-off points for BMI and waist-hip ratio but much

fower sensitivities (27-71%) and specificities (56-92%) in identifying individual risk factors
51
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Lemieux et al. *' used a different approach and concluded that waist circumference cut-off
point 100 em should be used for subjects under age 40 years and 90 cm in subjects over 40
years, for both men and women. They based their calculation on the absolute amount of
visceral fat, which was measured using a CT scan, and used the cut-off point 130 ¢m? as the
reference value. Using regression models they calculated that the above-mentioned waist cut-
off points best corresponded to the specified amount of visceral fat. Their study population
was relatively smail (213 men, 190 women). In the same study Lemieux et al. also looked at
possible cut-off points for waist-hip ratio, and using the same approach found that the cut-off
points 0.94 in men and 0.88 in women corresponded to the critical amount of 130 cm? of
visceral fat,

Both these studies have several advantages. The most important strength is that at least the
authors have tried to justify the recommended cut-off points with clearly stated criteria, which
is an improvement to the early recommendations for the cut-off points for waist-hip ratio,
There are, however, several limitations as well. The biggest drawback is, perhaps, that they
are based on other arbitrary classifications, such as cut-off points for waist-hip ratio and
visceral fat arca. The objectives of the two studies differ. While the objective of Lean et al. **
cut-of [ points is to select individuals for intervention, the objective of Lemieux et al. *! is to
assess visceral fat level related to increased cardiovascular risk factors. Yet both studies are
based on cross-sectional data and the appropriateness of these cut-off points in relation to
disease or as targeting subjects for intervention remains to be proven, Both studies have been
based on Caucasian populations, and one should be cautious against generalizing their results
in other populations, Some studies have suggested that the Lean ef al, cut-off points may not

be useful in other populations 5233,

A closer look at the differences between the studies reveals choises that may cause
methodological problems. Whereas the cut-off points for BMI Lean et al. ** used are well
established, the evidence for the cut-off points for waist-hip ratio (0.95 in men, 0.80 in
women) is weaker. In fact of the references the authors cite to justify these cut-offs in the
original paper, four of five are studies done only in women - of which one uses cut-off point
0.85 - and the only one including men applied the cut-off point 1.00. Several cut-off points for
waist-hip ratio have been suggested in the literature and, obviously, a change in the waist-hip
ratio cut-off point would change the cut-off points for waist circumference as well. Similarly,
the critical level of 130 em? for visceral fat ' seems largely arbitrary. Moreover, Lean et al,
recommend different cut-off points for men and women but have not explored potential age-

specific cut-off points, whereas Lemieux et al. identified the same cut-off points for men and
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women. Lemieux et al. justified the use of the same cut-off points for men and women on the
basis of absolute risk produced by elevated visceral fat. They proposed a 10 cm lower cut-off
point for older subjects {over 40 years) compared to younger subjects. The relatively small
number of subjects did probably not allow a narrower age stratification. Moreover, these
different cut-off points by age may be statistically justified bui, since waist circumference
increases with increasing age, will be difficult to apply in a public health or health promotion
context.

It addition to those based on waist-hip ratio or waist circumference, there is a variety of
cut-off points based on other indicators of fat distribution suggested in the literature. Often
these are based on combinations of other indicators, like waist/height combined with waist-
hip ratio *' or waist circumference combined with height *°, and are therefore more
complicated to use in practise. The limitations related to the use of ratios and their

interpretation mentioned for the indicators apply likewise to the cut-off points based on them.

Conclusions and recommendations

In the literature, a variety of anthropometric indicators for abdominal obesity have been
suggested. The criteria for their selection vary, and they have been justified mainly on the
basis of being correlated with other risk factors, with morbidity and mortality or to be
predictors of the amount of visceral fat. Many of the studies, however, suffer from
methodological limitations: they are based on a small number of subjects, often derived from
cross-sectional data, based on indirect measurement of risk or the indicators are complicated
to interpret biologically or difficult to use in a public health context. The literature lacks a
systematic evaluation of the proposed indicators taking into account possible differences
between sexes, age categories and ethnic groups and different diseases and mortality. The
need for this kind of evaluation has been acknowledged already in the beginning of 1990s
but little has been done to achieve this aim. More effort should be put into derive an optimal
indicator for abdominal obesity. Such an indicator should fulfil at least the following
requirements:
o must predict morbidity and mortality at least as accurately as other indicators. This can
only be assessed in prospective studics large cnough fo test possible differences between

sexes, age categories and ethnic groups, The assessment should be done for each chronic

disease and moriality separately.
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o must be biologically interpretable i.e. there should be a plausible biological mechanism
relating the indicator to the development of the disease,

o must be amenable to change by lifestyle or other interventions and a reduction in the
indicator should predict a reduction in risk. This requires long-term intervention studies,

e must be easily and accurately measured and interpreted in a public health context,

Similar considerations relate to the cut-off points based on the indicators of abdominal
obesity. The suggested cut-off points for waist-hip ratic have been based on rather arbitrary
criteria, and the studies where cut-off points for waist circumference have been suggested
have methodological shortcomings as well, such as being based on cross-sectional data and
arbitrary cut-off points for other variables. It is also a reason for concern that so far all the
suggested cuf-off points for abdominal obesity have been based on results obiained in
Caucasian populations. Moreover, they are based on the assessment of risk and their
appropriateness in the use of intervention has not been evaluated. Therefore, no consensus
about the appropriateness of the different cut-off points have been reached.
Several questions emerge from the methodological review of the recommended cut-off
points for abdeminal obesity:
¢ s it possible to have cut-off points that are universal i.e. appropriate in all
populations/ethnic groups?
» Should the cut-off points be age and/or sex-specific and if so what implications has this in
practice?
o Should the cut-off points be disease-specific?
o Should the cut-off points be based on absolute or on relative risks? How big an increase in

risk is enough to be defined as an “elevated” risk?

The selection of cut-off points is especially problematic because the risk of disease often
increases gradually, although not necessarily linearly. Cut-off points are, however, extremely
important for public health recommendations and also for comparisons between populations.
Very elaborate sets of cut-off points (for each gender, age, ethnic group, and discase) may not
be useful in practice, but the use of a simple set of cut-off points may be inappropriate if its
validity is uncertain. A broader evaluation of possible cut-off points is needed before these

questions can be answered and general public health recommendations can be given,
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In summary, it is important to put the diversity of anthropometric indicators and cut-off
peints currently suggested in the literature and used in public health recommendations as
optimal measures for body fat distribution into perspective. A more comprehensive
assessment of possible indicators is needed to derive an optimal indicator for abdominal
obesity. This requires a better understanding of the different roles of abdominal and general
adiposity in the development of different diseases and a clarification of the contribution of
visceral fat in this process, and of possible differences in this mechanism between sexes and
age groups. This can only be assessed in large prospective studies. Similar requirements
concern optimal cut-off points based on anthropometric indicators. The risk of morbidity or
mortality should be assessed directly, possible differences between sexes, age categories and
ethnic groups should be tested, and targeting individuals for intervention should be evaluated
in long term intervention studies. Similarly, more attention should be paid to the patiern of the
increase in risk with increasing value of the indicator. Thus, there is an apparent lack of
consistency in the field and therefore a more scientifically and theoretically solid basis for the
selection and use of anthropometric indicators of abdominal obesity and cut-off peints based

on them should be a high priority in this research field in the near future.
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3. Methods

3.1 Study populations

WHO MONICA Project

Most of the studies included in this thesis are based on the data from the WHO MONICA
(MONItoring trends and determinants in CArdiovascular disease) Project. The WHO
MONICA Project was designed to monitor the incidence and mortality from cardiovascular
disease, and to assess the extent to which these trends are related to known risk factors '. The
MONICA Coliaborating Centres (MCCs) are finded locally, and the WHO is responsible for
the coordination of the project, Several MCCs are monitoring more than one study
population. The WHO MONICA Project comprise 54 study populations in 26 countries (see
Figure 1). The populations are mainly concentrated in Europe but include some areas in the
USA, Canada, China, Australia and New Zealand.

The risk factors in the WHO MONICA Project were monitored through two or three
independent cross-sectional surveys scheduled in the beginning, the middle and in the end of
the 10-year study period, ranging from the early 1980s to the 1990s. The surveys included
random samples of at least 200 people in each gender and 10-year age group for the age range
35-64 years, and optionally 25-34 years, The middle survey was optional. The participation
rates varied between 90% and 47% between populations, and were on average 3% lower in
the final survey compared to the initial survey . Event rates of myocardial infarction and
stroke were determined by registering and validating all eligible events in defined populations
over a 10-year period.

The WHO MONICA Project applied common standardized methods for data collection
and analysis. This feature makes these data an invaluable source for comparisons between
populations. The quality of the data was centrally assessed and any population with
insufficient quality of data or response rate less than 50% was subsequently excluded from the
collaborative analyses of the project. Further, there were large differences in the prevalence of
overweight among the MONICA populations, The data are therefore especially sunitable for
investigating the determinants of these differences from an intemational perspective in a

standardized and comparable way.
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Figure 1. Populations of the WHO MONICA Project.
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Monitoring ProjéEt on Cardiovascular Disease Risk Faciors in The Netherlands

One of the siudies included in this thesis is based on data from the Monitoring Project on
Cardiovascular Disease Risk Factors in the Netherlands, The Project was carried out in 1987-
91 in three towns (Amsterdam, Maastricht and Doetinchem) in the Netherlands ®, The age
range for this study was 20-59 years. Each year new random samples were selected from the
municipal registries of these towns, and during the four years altogether about 36,000 men
and women participated in the project. The average response rate was 50% for men and 57%

for women,
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A non-response survey was carried out among all non-respondents of the Monitoring
Project in the period Augunst-December 1991 to assess possible selection bias due to low
response rate. The non-response survey indicated that a substantial proportion of the non-
response was due to errors and non-currentness of the municipal population registration 3,
Also, no difference was found in the education level between respondents and non-

respondents.

Rotterdam Elderly Study

Orne of the studies included in this thesis focused on the elderly. The study comprised data
from the participants of the Rotterdam Study. The Rotterdam Study is a prospective single
centre population-based study, designed fo investigate determinants of selected chronic
diseases and disabilities in the elderly ?. The rationale of the study is based on the expectancy
of an increasing number of elderly people with chronic diseases in many Western countries
including the Netherlands. The focus of the study has been on neurogeriatric, cardiovascular,
locomotor and opthalmologic diseases.

The cohort of the Rofterdam Study was defined as all inhabitants of Ommoord, a
suburban district in Rotterdam, who were 55 years of age or older at 1 January 1990. All
eligible participants were invited to participate, including those living in nursing homes. The
baseline examinations started in May 1990 and continued until June 1993. Of the 10275
eligible subjects, 7983 (78%) agreed to participate. During a home visit, trained interviewers
administered a questionnaire, covering socioeconomic background, smoking habits, alcohol
conswmption, dietary habits, medical history and medication use. This was followed by two
extensive clinical examinations at the research centre. Those living in nursing homes or
homes for the elderly, about 11% of the study population, were examined at their institutions.

Follow-up data on morbidity and mortality of the participants of the Rotterdam Study
are obtained through auntomatized diagnosis registers of collaborating general practitioners
and information on medication is provided by pharmacists. Information on vital status was
also acquired at regular intervals from fhe municipal authorities of Rotterdam. Many of the
examinations at the research centre were repeated using identical procedures by biennal
examinations and were supplemented with questions addressing issues that are not part of the

follow-up data provided routinely by the general practitioners.
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3.2 Quality of data on measurements of relative weight and body fat
distribution in the WHO MONICA Project

When anthropometric measures are compared between study populations or within study
populations over time, sufficient attention should be paid nn the quality of data to ensure that
the possible differences observed are not due to bias in the measurements. In multi-cenire
clinical trials the importance of standardization and quality control is well understood, but in
other studies this part of the data analysis is often described very brefly in the literature.
Reporting the use of standardized methods is however not adequate, it is important also to
evaluate the extent these methods have been followed in the different study popuiations.

The anthropemetric variables measured in the WHO MONICA Project were weight and
height, and circumferences of waist and hip. In this chapter the assessment of the quality of
data on measurements of weight and height, and waist and hip circumferences in the
population surveys of the WHO MONICA Project are described, areas with potential
influence on the validity and precision of results of these measurements are identified and
standard methods for quality assessment are suggested by identifying quality items and
defining quality scores. Three major areas are considered: survey procedures used, measures
of quality assurance applied in the study centres to ensure high quality of data and ql_lality
indicators contained in weight, height, waist and hip value recordings. The analysis is
qualitative rather than quantitative in terms of estimating the effects on survey results.

Compared with most other measurements in' the MONICA population surveys, like
serum cholesterol or blood pressure, weight, height, and waist and hip circumferences can be
measured more easily, provided that the standard measurement procedures are being followed
and the observers have been trained properly. However, if the standard procedures and/or
training have been neglected, the measurements are vulnerable to various biases. Potential
sources of bias for weight and height measurements are inadequate measurement devices,
incorrect calibration of the measurement devices, inappropriate clothing or position of the
subject during measurement, and wrong position of the observer. For waist and hip
circumferences, potential sources of bias include incorrect anatomical level of measurement,
too heavy clothing or wrong position of the subject and applying incorrect tension to the tape

measure.
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Since all three surveys were not carried out in ail study populations, the number of study
populations differed by survey. Weight and height were measured in all study populations in
all surveys. 54, 43 and 41 study populations in the initial, middle and final survey respectively
were assessed for weight and height. The measurement of waist and hip circumference was
introduced in 1990 in MONICA. Hence, waist and hip circumferences were not measured in
the initial survey, and they were optional in the middle survey. 22 populations in the middle
and 34 in the final survey measured waist and hip circumferences.

The standard procedures to measure weight and height were originally described in the
Manual of Operations of the WHO MONICA Project '. The same procedures were repeated in
the different versions of the MONICA Manual (1986 2, 1990), until a more detailed
description concering the recommendation for scales and the procedures for checking the
scales was given in the version of March 1992 * . The following standard procedures were
stipulated to measure weight and height:

* The participants are in standing position without shoes and heavy outer garments.
* The use of balance scales to measure weight is recommended.

* The scales should be tested daily.

* Weight is measured to the nearest 200g and height to the nearest 1 eny.

* Use of self-reported data in ambulatory subjects is not allowed.

The following instructions were given in the Manuat (November 1990) to measure waist and
hip circumferences:

* The measurement of waist should be recorded at the level midway between the lower rib
margin and the iliac crest, ronnded to the nearest .0 or .5 cm,

* The circumference should be measured on subjects without heavy outer garments in
standing position. The contents of all pockets should be removed. All tight clothing, including
the belt, must be loosened. The participant should stand with the feet fairly close together
(about 12-15 cm) with weight equally distributed on each leg, Participants should be asked to
breath out genily at the time of the reading of the measurement to prevent them from
contracting their muscles or from holding their breath,

* The tape should be held firmly in a horizontal position.

* Hip should be measured at the maximum circumference over the buttocks, rounded to the

nearest .0 or .5 ¢cm.
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The quality items considered for weight and height measurements were: removal of clothes,
type of scale, accuracy of weight measurement, accuracy of height measurement, use of self-
reported data, measurer training, checking of scales, procedures with incorrect data,
proportion of missing data, within cohort trends in height between surveys and distribution of
terininal digits. For waist and hip measurements the following quality items were assessed:
adherence to the protocol, observer training, availability of observer code, removal of clothes,
accuracy of measurement, proportion of missing data and distribution of terminal digits.
Results of these assessments are reported in detail in separate publications .
To summarize the quality of data on weight and height measurements quality scores
were defined,
Weight score was defined as:
2 (no indication of a problem) if the proportion of terminal zeros was <= 30%
and there were <= 13% zeros in the second last digit;
I {some concem) if not 2 or 0;
0  {major concemn) if the proportion of terminat zeros was >60% or there were
>14% zeros in the second last digit.
Scale score was defined as:
2  if balance scales were used (this was the recommendation);
1 if digital scales were used,
0  if bathroom scales were used.
Height score was defined as:
2 ifthe proportion of terminal zeros was <= 13%;
1 ifnot2or @
0  if the proportion of terminal zeros was > 14%.
A summary score for weight and height measurements was derived using the sum of weight
score, scale score and height score. The score was 2 if the sum was 5 or §; 1 if the sum was 3
or 4; and O if the sum was 0, 1 or 2 or the guality of some items was very bad even though the
sum was more than two,
Waist score and hip score were defined as:
2 {(no indication of a problem) if the proportion of terminal zeros was between
30% and 70%,
and there were <= 13% zeros in the second last digit,
and the proportion of missing data was <= 30%;

1 (some concern) if not 2 or 0;

35



0 (major concern} if there were >14% zeros in the second last digit
or the proportion of missing data was >30%.
The score was also ‘1’ when the measurement level was not standard but clearly defined
{(applies to one population which measured waist at the level of wmbilicus). A summary score
was derived using the sum of waist and hip scores. The score was 2 if the sum was 3 or 4; 1 if
both waist score and hip score were 1; and 0 if waist score was O or hip score was 0.

The distributions of the summary scores for data on weight and height and waist and hip
circumferences by survey in the WHO MONICA Project are presented in Table 1, The results
of the quality analysis show that there were no major concerns of the quality of data on
weight, height, and circumferences of waist and hip in most of the MONICA study
populations. 51 study populations had satisfactory quality of data for weight and height
measurements in the initial survey, 42 in the middle survey and 40 in the final survey. Only
one to three populations in each survey showed such quality problems in weight and height
measurements that these populations cannot be included in the collaborative analyses of the
WHO MONICA Project. The analysis also revealed that there was an improvement in the
quality of weight and height measurements, especially regarding last digit preferences and
accuracies of measurement, from the initial to the middle and final surveys.

Nineteen populations had satisfactory quality of data for waist and hip circumferences in
the middle survey and 32 in the final survey. Two populations in both surveys showed such
quality problems in measurements of waist and hip circiimferences that these populations
cannot be included in the collaborative analyses of the WHO MONICA Project.

The summary scores for both weight and height and waist and hip measurements were
mainly based on the actual data available, not on information on survey procedures used and
measures of quality assurance applied in the MCCs even though quality items of these areas
were investigated in the analysis. This may be seen as a limitation of the method used. The
reason to base the summary scores on the data guality items was that all the information on
survey procedures and quality assurance measures was self-reported. Self-reported data are
often susceptible to a so-called ‘desirability-bias’, and the many discrepancies between the
reported and actual measurement accuracies observed among the populations of this study
support the view that the information on survey procedures and quality assurance measures

should be used with reservations.
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Table 1, Distribution of summary scores for data on weight and height and measurements of

waist and hip circumferences in the MONICA surveys.

Weight and height
Survey Optimat (2) Satisfactory (1) Unsatisfactory (0) Total

Initial 28 23 3* 54
Middie 33 9 1 43
Final 34 6 I 41
Waist and hip
Survey  Optimal (2) Satisfactory (1) Unsatisfactory (0) Total
Middle 8 TR 2 22
Final 17 15 2 34

* One study population had a summary score zero even though the sum was more than 2, In this population 24%
of the subjects had their weights recorded to the full 10 kg. '

** One population measured waist at the level of umbilicus, In another population the mean hip was surprisingly
low and the MCC was asked to check the data, but there was no indication of problems with the measurements

or the data.

For weight and height, the quality assessment based on the data is probably good in
identifying the populations where the measurers were not trained properly. However, it is less
good in detecting errors in the calibration of the scales and height rules. In many populations
the calibration was not checked regularly. In such populations an undetected bias due to
calibration error is possible. For height measurements serious calibration problems could be
reflected in large fluctuations in mean height within the birth cohorts. The accuracy of height
measurement is especially important for calculating BMI, because the relative bias induced by
height to BMI is approximately twice the bias of height. The results of the analysis of height
within birth cohorts supports the view that relatively few problems occurred in the
measurement of height.

For waist and hip circumferences, it is especially important that the measurements are
standardized across the study populations because small differences in the anatomical
measurement level can result in large fluctuations in the population estimates based on these

measurements ©. Even though some reports have shown very high inter-observer correlations

37



of these measurements ', the effect of inter-observer differences cannot totally be ruled out,
even if the standard methods were applied, when comparisons are made between the siudy
populations of the WHO MONICA Project.

In conclusion, even with a common study protocol appropriate measurement quality
cannot be taken for granted in multi-centre studies but should be evaluated before data are
used for comparative analyses. Standardized assessment methods of weight, height, waist and

hip measurements proposed in this study can be used in such an assessment,
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4. Relative weight

4.1 Smoking and relative body weight - an international perspective from

the WHO MONICA Project

Abstract

Study objective: To investigate the magnitude and consistency of the associations between
smoking and body mass index (BMI} in different populations.

Design: Cross-sectional study.

Setting and participants: About 69,000 men and women aged 35-64 years from 42
populations participating in the first WHO MONICA survey in the early and mid 1980s.

Main results: Compared to never smokers, regular smokers had significantly (p<0.05) lower
median BMI in 20 (men) and 30 (women) out of 42 populations (range -2.9 to 0.5 kg/m®).
There was no population in which smokers had a significantly higher BMI than never
smokers. Among men, the association between leanness and smoking was less apparent in
populations with relatively low proportions of regular smokers and high proportions of ex-
smokers. Ex-smokers had significantly higher BMI than never smokers in 10 of the male
populations bt in women no consistent pattern was observed, Adjustment for socioeconomic
status did not affect these results.

Conciusions: Although in most populations the association between smoking and BMI is
similar, the magnitude of this association may be affected by the proportions of smokers and

ex-smokers in these populations,
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Introduction

Numerous epidemiological studies have shown a consistent inverse relationship between

I and smoking

smoking and body weight: smokers weigh relatively less than non-smokets
cessation often leads to weight gain '**1912M 1t has been demonstrated that this is mainly
because smoking increases energy expenditure '°, Moreover, the inverse relationship between
smoking and relative body weight becomes stronger with age  which can be explained by
longer duration of smoking >'°,

Among smokers a U-shaped relationship between the number of cigarettes smoked and
relative body weight has been found in several studies - those smoking 10-20 cigarettes per
day being the leanest 1713 Although this seems paradoxical given the metabolic effects
of smoking, it has been suggested that heavy smokers may weigh more because of clustering
of other unhealthy habits such as high intake of saturated fat, heavy use of alcohol and little
exercise. Indeed, a study in Finland found that a change in the association between smoking
and body weight had occurred in the 1980s: smoking was no longer associated with leanness
in this population but rather it was positively related to BMI, especially among younger
middle-aged men ',

Most studies of the relationship between smoking and relative body weight have looked
at single populations or cohorts. Therefore we considered it important to examine whether
associations are similar in populations with different histories of smoking habits and changes
in body weight. We investigated this among men and women in 42 populations participating
the WHO MONICA Project,

Given the findings of the Finnish study on changes in the relationship between smoking
and relative body weight, it could be hypothesized that the "classical" inverse association
between smoking and relative body weight might hold in populations with high prevalence of
smoking and comparatively few anti-smoking activities, while a "new" positive association
between smoking and relative body weight may be more typical in populations with a
previously high but currently falling prevalence of smoking due to anti-smoking programmes.
While our data do not allow us to test this hypothesis directly, we witl mainly focus on
determining whether there are populations with the "new" association fo warrant pursuing

such a hypothesis,
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Subjects and methods

The WHO MONICA Project was designed to measure trends in incidence and mortality from
cardiovascular disease, and to assess the extent to which these trends are related to changes in
known risk factors in 49 study populations in 26 countries. Risk factors in the WHO
MONICA Project are monitored through up to three independent cross-sectional population
surveys 172, The surveys included random samples of at least 200 people in each gender and
ten-year age group, for the age range 35-64 years, and optionally 25-34 years, This study
presents data from the baseline surveys. The survey periods range from May 1979 to February
1989 and are mostly concentrated in the early and mid 1980s. In this study, only the age range
from 35 to 64 years is considered. The overall participation rates for the surveys varied from
54% to 89%. The population sizes, participation rates and survey periods have been described
in more detail elsewhere *'.

Height and body weight were measured with participants standing without shoes and
heavy outer garments. Body mass index (BMI) was calculated as weight divided by height
squared (kg/m?) as a measure for relative weight. BMI categories were formed according to
the WHO guidelines 22 except for using 21 kg/m? instead of the WHO recommendation of 18
kg/m? as a cut-off point for the leanest category. This cut-off point was selected to ensure a
sufficient number of subjects in each category and because of its use in some other studies =
The subjects were classified as follows:

* Lean persons: BMI less than 21 kg/m’

* Persons of normal weight: BMI equal to or more than 21 but less than 25 kg/m?

* Overweight persons: BMI equal to or more than 25 but less than 30 kg/m”

* Obese persons: BMI equal to or more than 30 kg/m’.

Data on smoking were obtained with a standard questionnaire **. In the analysis respondents
were classified as follows:
* Regular cigarette smokers, those reporting smoking cigarettes every day. They were

2,389 as

further classified in concordance with several other studies
a) light to moderate smokers, those smoking 1-19 cigarettes per day, and
b) heavy smokers, those smoking 20 or more cigarettes per day.
* Other current smokers, those reporting smoking cigarettes occasionally or at least 1g
of pipe tobacco per week or at least one cigar per week,
* Ex-smokers, those reporting smoking cigareftes regularly in the past but not

currently.
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* Never smokers, those who were not current smokers and had never smoked
cigarettes regularly,
The age group of the subject was obtained from the sampling frame at the time of sample
selection. Tertiles of years of schooling within each population were used 2s a measure of
socioeconomic status (SES). Years of schooling were obtained by asking: "How many years
did you spent at school or in full-time study?". Tertiles of years of schooling were calculated
for men and women in each 10-year age group separately. .

The quality of data on weight, height, smoking behaviour and years of schooling has
been cenfrally assessed. Any population with unsatisfactory quality of data or response rate
lower than 50% for any of the items has been omitted from this study. This left 42
populations, except for analyses involving years of schooling, where only a subset of 34

populations with full data was included.

Statistical methods

In the first phase of data analysis, population level {ecological) data were analyzed to estimate
the strength of association between smoking and relative body weight, Pearson correlation
coefficients between the proportions of regular cigarette smokers and the means and
percentiles of BMI were calculated for men and women for each 10-year age group.
Correlations of age standardized values are given for the age group 35-64. Age standardized
values were calculated using the World Standard Population 2° as the reference population
with weights 12, 11 and 8 for the 10-year age groups 35-44, 45-54 and 55-64 respectively.

In the second phase, individual data were used to examine the comsistency and
magnitude of the relation between smoking and BMI at the individual level. All analyses were
carried out separately for men and women. Two types of analyses were performed: firstly,
comparing medians or means of BMI between different categories of smoking, and secondly,
comparing proportions of regular smokers between different categories of BMI within
populations. Differences were reported to be statistically significant if the p-value was less
than 0.05,

To compare the levels of BMI between smoking categorics, medians instead of means of
BMI were used because of the distributions of BMI were skewed to the right. Confidence
intervals for the differences in median BMIs in categories of smokers, compared to the never
smoker category, were calculated using the Normal approximation as described by White et
al. %, Linear regression was used to control for potential confounding by SES. Mean BMIs

and differences in mean BMIs by smoking category were calculated using the general linear
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model (GLM) procedure of SAS statistical software 27, adjusting for age group and population
as categorical covariates. To assess the confounding effect of SES, regression analyses were
performed both with and without adjusting for population specific tertiles of years of
schooling. Confidence intervals for the estimates were calculated from the standard errors of
the regression coefficients assuming that the sampling distributions of the coefficients were
normal. The results of the linear regression were also used to give an overall estimate of the
differences in the mean BMIs between smoking categories summarizing the results across all
populations. In addition, the same overall estimates were calculated using non-parametric
methods to confirm that the estimates based on the regression analysis did not differ from the
estimates based on medians,

To compare the prevalence of regular cigarette smoking between BMI categories, age
standardized propertions of regular cigaretie smokers were calculated for the age group 35-64
using the same method for age standardization as described above. The differences in the
proportions of smokers between BMI categories within populations were tested by fitting a
logistic regression model with regniar cigarette smoking as the binary dependent variable and
age group as the independent variable, with and without adjustment for indicator variables for
BMI categories.

To estimate the overall difference in the age standardized proportions of regular cigarette
smokers between BMI categories the mean of the differences and a 95% confidence interval
for this mean were calculated summarizing the results across all study populations. The
nommal weight category (BMI=21.0-24,9 kg/m®) was used as the reference category when
comparing proportions of regutar smokers, The confidence intervals were calculated from
standard errors of the means using t-distribution with the number of popuiations minus one

for the degrees of freedom.

Results

Table I gives the number of subjects, age standardized proportion of regular cigarette
smokers and age standardized prevalence of obesity (BMI 2 30 kg/m?) in each population.
The table shows considerable variation both in prevalence of regular smoking and obesity
across the study populations. The prevalence of regular cigarefte smoking ranged from 24% to
59% in men and from 3% to 50% in women. In general, among men the prevalence of

smoking was highest in some Eastemn European (Poland, Russia) populations and lowest in
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Table 1. Number of subjects, age-standardized proportion (%) of regular cigarette smokers
and age-gtandardized prevalence of obesity (BMI230 kg/m’) in first MONICA population survey.

Men and women aged 35-64 years.

MEN WOMEN

% % % %
pPopulation Country Abbreviation N  smokers obhese N smeokers obese
Newcastle ABustralia AUS-NEW 1218 34 i5 1241 24 1ls
Perth Australia AUS-PER 631 33 3 681 22 il
Ghent Belgium BEL-~CGHE 539 43 11 495 25 15
Luxembourg Province Belgium BEL-LUX 389 43 13 959 18 18
Beijing China CHN-BEI 619 51 3 641 16 4
Czech Republic czech Rep. CZE-CZE 948 44 21 290 21 32
Glostrup Denmark DEN-GLO 1456 45 11 1361 44 10
Kuepio Province Finland FIN-KUO 968 34 18 981 10 19
North Karelia Finland FIN-NKA 1125 30 17 1212 & 24
Turku/Loimaa Finland FIN-TUL 1184 30 19 1270 17 17
Lille France FRA-LIL §41 39 14 530 1l 19
Strasbouryg Framnce FRA-STR 666 34 22 714 14 23
Toulouse France FPRA-TOU 678 36 9 645 17 1)
Augshurg rural Germany QER-AUR 846 30 20 857 12 22
Augeburyg urban Germany GER-AUU 712 38 18 679 18 15
Bremen Germany GER-BRE 633 45 14 656 29 13
Cottbus County Germany GER-COT 460 31 17 543 11 23
Halle County Gexmany GER-HAC 816 ki) 18 859 14 27
Karl-Marx-Stadt County Germany GER-KMS 8132 37 14 926 15 19
Rest of DDR-MONICA Germany GER-RDM 763 37 17 822 24 21
Rhein-Neckar Region Germany GER-RHN 1170 31 13 1266 23 12
Iceland Iceland ICE-ICE 657 26 11 ) 704 40 i1
Area Brianza Italy ITA-BRI €18 44 i1 639 18 1s
Friuli Italy ITA-FRI 719 35 16 724 26 12
Kaunas Lithuania LTU-KAU 728 38 22 735 4 45
Auckland New Zealand  NEZ-AUC 1018 29 8 567 25 El
Tarncbrzeg Voivedship Poland POL-TAR 1250 58 13 1472 11 32
Warsaw Poland FOL-WAR 1309 59 18 1337 33 26
Bucharest Romania ROM-BUC 524 38 20 632 15 31
Moscow control Russia RUS-MOC 770 48 13 645 12 13
Mogcow intervention Russia RUS-MOI 1163 46 12 1234 9 35
Novosibirsk econtrel Russia RUS-NOC 1061 59 15 1054 3 44
Novosibirsk interv. Russia RUS-NOI 601 53 13 646 3 43
Catalonia Spain SPA-CAT 993 47 g 894 7 24
Gothenburg Sweden SWE-GOT 517 33 7 557 34 9
Northern Sweden Sweden SWE-NSW 640 24 11 611 26 14
Ticino Switzerland SWI-TIC 781 38 20 769 24 15
Vaud/Fribourg Switzerland SWI-VAF 627 3z i3 568 21 13
Belfast Ux UNK-BEL 927 34 i1 925 33 14
Glasgow UK UNK-GLA 502 52 11 489 50 16
Stanford UsSh USA-STA 427 40 10 516 36 15
Movi Sagd Yugoslavia YUG-NOS 592 49 17 555 27 29
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some Nordic (Sweden, Iceland) populations. Among women, however, smoking was
relatively more commeon in some Western European populations and less common in Eastemn
Europe. There were more female than male smokers only in Iceland (where 22% of men
. smoked pipes or cigars) and in Sweden. The prevalence of obesity ranged from 3% to 22% in
men and from 9% fo 45% in women and was relatively more common in populations with

low prevaience of smoking, especially among women.

Table 2. Pearson correlation coefficients between proportion (%) of regular
cigarette smokers and mean and percentiles of body mass index (BMI) for

42 populations inm the first NONICA survey.

MEN WOMEN
Age group r 95% CI r 95% CI
MEAN
35-44 -0.07 {~0.36, 0.24) -0.45 (-0.56,-0.17)
45-54 -0.37 (-0.61,-0.08) -0.65 {-0.79,-0.43)
55-64 ~0.30 (-0.55, 0.01) -0.63 {-0.79,-0.41)
age stand.
35-64 -0.25 (-0¢.52, 0.08) -0.59% (-0.76,-0.35}
MEDIAN
35-44 ¢.00 (-0.30, 0.30) -4.46 (-0.67,-9.18)
45-54 -0.34 (-0,59,-0.04) -0.62 (-0,78,-0.39)
55-64 0,320 (-0.55, ¢.C0} -0.64 (-0.79,-0,41)
age stand.
35-64 -0,22 {-0.4%, 0.09} -0.57 {-0.75,-0.33)
10th PERCENTILE
35-44 -0.16 (-0.44, 0.1s) -0.47 {-0.68,-0.1%)
45~54 “0.54 {-0.73,-0.29) -0.63 {(-0,79,-0.41)
55-54 -0.50 (-0.70,-0.23) -0.58 (-0.75,-0.33)
age stand.
35-64 -0.43 (-0.65,-0.14) -0.56 {-0.74,-0.31)
90th PERCENTILE
35-44 0.04 (-0.27, ©.34) -0.37 {~-0.61,-0.08)
45-54 ~0.22 (-0.49, 0.09) -0.58 (-0.75,-6.33)
55-64 -0.10 (-0.39, 0.21) -0.60 (-0.76,-0.36}
age stand.
35-64 -0,08 (-0.37, 0,23) -0.54 (-0,72,-0.28}
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Table 2 presents Pearson correlation coefficients between the proportion of regular cigarette
smokers and BMI. These are ecological correlations where each population represents one
observation. For women, smoking was significantly invcrscl}" related to BMI for all four
measures; 10th percentile (leanness), mean and median BMI (average weight) or 90th
percentile (obesity). For men, the age-standardized prevalence of smoking was significantly
inversely related to the 10th percentile only. For both men and women the weakest
correlations were observed in the age group 35-44 years.

Figures 1.1 and 1.2 show differences in median BMI between never smokers and regular
cigaretie smokers. In almost all populations smokers were leaner than never smokers: the
difference was statistically significant in 20 out of 42 populations for men and in 30 out of 42
populations for women. The differences ranged from -2.4 to 0.5 kg/m® in men and from -2.9
to -0.1 kg/m? in women. When translated into kilograms for an average height of 1,72 m and
1,60 m for men and women, respectivety, they correspond to the range from -7.1 tol.5 kg for
men and from -7.4 to -0.3 kg for women. The largest differences were observed in
populations with relatively high smoking rates (e.g. in some Eastern Evropean populations).

To elucidate further the difference between the populations where the smokers were
considerably leaner than never smokers in comparison to populations where they were not, we
compared the proportion of regular smokers in the 14 populations with the largest differences
in BMI to the 14 populations with the smallest differences in BMI between smokers and
never smokers with a non-parametric (Wilcoxon rank sum) test (Table 3). Among men, there
were significantly more regular smokers in the populations with the largest differences in
BMI than in the populations with the smallest differences, In addition, the proportions of ex-
smokers were statistically significantly lower in these populations. For women, however,
there were fewer smokers in the group of populations with the largest differences in BMI than
in the populations with the smallest differences but the difference in smoking prevalences was
not statistically significant. The prevalence of ex-smokers was significantly lower in the
populations with large differences in BMI,

Figures 2.1 and 2.2 show the difference in median BMI between never smokers and ex-
smokers. Ex-smokers had higher BMI than never smokers in 37 (and significantly so in 1)
out of 42 populations among men, whereas for women there were differences in both
directions but few were statistically significant. No systematic differences in BMI were

observed between heavy and light smokers in most populations (data not shown).
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Figure 1.1 Difference in median BMI between regular cigareite smokers and never smokers.

First MONICA survey, men aged 35-64.
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Population

AUS - NOH [ S —2,46{-3.10,-1,85)
RUS ~NOG B -1.89({-2,98,~1.838)
POL-TAR e pane) -1.83(-2.54,-1.27)
AUS~MOC e i —-1.82(-2.49,-1.28)
ROM—BUC e -1.78{(-2.81,-0.82)
UNK—GLA e -1,76(~2.89,-0.83)
LTU - KA e ~1.84(-2,83,-0.81})
POL—WAR ——fmem -1,63(-2,30,~1,22}
BEL-~GHE { ~1.59(-2,43,-0.02)
FRA-LIL B e ~1,486(-2.25,~0.63)
RUS —MO1 S pama ~1,42(~1.92,-0.90)
CZE-CZE Sotiscemnd e —1.,31(~1.86,-0,28)
FHA-STR D —1,29(-1.85,-0,33)
YUG - NOS D —1.27(-2,a5,-0,20)
GER—MAC ——e -1.12(-1.91,~-0.48)
USA—STA ¢ ~1.11(-1.95, 0.51)
ITA~BRI e ~1,03(-1.82,-0.32}
CHN-BEI R s -8,98{-1.62,-0.12)
SWI-VAF e -90.97{~-1.88, 0.02)
SWi~TIC e ~-0,9%{-1.60, 0.14)
GER-KMS s T —0,92{~1,85,-0.,32)
AN-TUL e —-0.86(-1.64,-0.198}
GER - FOM e — —-0.86(-1,94, 0.10)
UNK—BEL i s o ~0.69(-1.44, ©0.08)
SPA—CAT e s -0.867(~1.20,-0.10)
AUS—PER t —-0,58(-1.75, 0,53)
HA~FRI e p —-0.56(~1,20, 0.22)}
GER-COT B AT S pd ~0.55(-1.47, 0.62)
CE-ICE e s ~0.52(-1,33, 0D.49)
BEL - LUX e -0.45(-1.21, 0.43)
GER-AUU m————— ~0.34(-1.,09, 0.23)
Al3S - NEW 4 -0.33(-0,94, 0.35)
NEZ - AUC e —~p.30(~0.88, 0.28)
FIN—NKA L e -0,29(~0.87, 0.38}
DEN-GLO R -0.27(-0.88, 0,28}
SWE-GOT e pri— ~p,16{-1.33, 0,52}
FIN-KUO e 2 —0,11(-0.83, 0,458}
GER—RHN e B 0.81(-0.50, 0.73)
GER-AUR e S g0.04{-0.92, 0.60}
FRA-TOU e 0.268(-0.18, 0,81)
SWE—NSW B e 0,46(-0.81, 1.52}
GER-BRE i ; l-—-——-—-—i—-ﬂw:—- 0.47(-0.76, 1.23)

-4 -3 -2 -1 o 1 b3
kg/m®

47



Figure 1.2 Difference in median BMI between regular cigarette smokers and never smokers.

First MONICA survey, women aged 35-64.
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Table 3. Proportions of regular smokers and ex-smokers in 14 populations with the largest
difference in BMI between smokers and never smokers compared with 14 populaticns with the
smallest difference. First MONICA survey, men and women aged 35-64.

Range for 4iff. Median % Median %
in BMI ketween of regular p-value of ex- p-value M
smokers and never smokers smokers

smokers tkg/m’)

MEN

Big diff. -2.4, -1.3 47 23 14
<0.001 0.03

small Giff. -0.5, 0.5 23 29 14

WOMEN

Big ¢iff.  -2,9, -1.8 14 7 14
6.07 0.02

Small Qiff. -1.1, -0.1 22 10 14

Regression analysis was used to examine the potential confounding effects of SES using
population specific tertiles of years of schooling as an indicator. The unadjusted (for SES)
analysis was performed first for all populations and then for a subset of 34 populations, for
which data on years of schooling were available, and then the SES-adjusted analysis was
performed for the 34 populations (Table 4). The results were very similar whether adjusted for
tertiles of years of schooling or not, indicating that SES had hardly any confounding effect on
this association.

The mean BMI in the never smoking category was 26.6 kg/m? for men and 26.8 kg/m’
for women when adjusted for age group and population. In men, regular cigarette smokers
were on average 0.9 kg/m? leaner than never smokers, which implies that a male smoker of
average height of 1,72 m weighed 2.7 kg less than a never smoker of the same height. Male
ex-smokers had 0.5 kg/m? higher BMI than never smokers indicating that an ex-smoker of
average height weighed 1,5 kg more than never smoker. In women, regular cigarette smokers
were on average 1.1 kg/m?® leaner than never smokers which implies a difference of 2.8 kg for
a woman of average height of 1.60 m, but there was no significant difference between never
and ex-smokers, For women, but not for men, light smokers had significantly lower BMIs

than heavy smokers thus showing a U-shaped relationship between smoking and BMIL
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Figure 2.1 Difference in median BMI between ex-smokers and never smokers.

First MONICA survey, men aged 35-64.
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Figure 2.2 Difference in median BMI between ex-smokers and never smokers.

First MONICA survey, women aged 35-64.
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Table 4. Summary measureg of BMI by smoking category. Results from regression apalysis. First MONICA

survey, men and women aged 35-64.

MEN

Mean BMI (and 95% CI) adjusted for age group and populaticn

unadj. for SES * unadj. for SES ** -adj, for SES *+*
Never smokers 25.6 [26.5,26.8}) 26.6 (26.5,26.7) 26.6 (26.5,26.7)

bifference between never smokers and

Regular cigarette smokers -0.9 (-1,0,-0.8} -0.9 (-1.0,-9.8) -1.9  (-1,1,-0.9)
Light smokers -0.9 (-1,0,-0.7) -0.9 {-1.0,-0.8) -0.9  {-1.1,-0.8)
Heavy smokers -0.9 (-1.0,-0.7) -0.9 (-1.1,-0.8) -3.0 {-1,1,-0.9%)
Ex-smoKers 0.5 {0.4,0.86) 6.5 {0.4,0.6) 0.5 (0.4,0.6)
WOMEN

tean BMI {and ¢5% CI) adjusted for age group and populatien

unadj. for SES * unadj, for SES *% adj. for SES ¥+
Never smokers 26.8 (26.7,26.9) 26,9 {(26.9,27.0) 26.9 (26.8,26.9)

Difference between never smokers and

Regular cigarette smokers =11 (-1.3,-1.0) -1.2 (-1.4,-1.1) -1.2 {-1.3,-1.0}
Light smokers -1.3  {-1.4,-1.1} -1.4 (-1.5,-1.2) -1.3  {-1.5,-1.1)
Heavy smokers -0.8 {-1.0,-0.6) 0.9 (-1,1,-0.7) -0.9  (-1.1,-0.7)
Ex-smokers -0.03 (-0.2,0.2) -0.05 {-0.3,0.2) c.1 (-0.1,9.3)

SES measured with population, gender and age group specific tertiles of years of schooling
* based on data from 42 populations
** based on data from 34 populations

The overall estimates of the differences in BMI between smoking categories were also
calculated using non-parametric methods. The estimates based on medians were very similar
to those produced by the regression analysis. Only the median BMIs for never smokers (26.3
and 26.1 kg/m® for men and women respectively) were somewhat lower than the means,

especially for women, due to the skewness of the distributions.
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The age standardized proportion of regular smokers decreased consistently with
increasing BMI category (Table 5). The difference between BMI categories was significant in
35 out of 42 populations among men and in 26 among women. In men the differences were

_larger than in women. Some exceptions to the general pattern were observed, for example
among men in Auckland, Gothenburg, Toulouse and Northern Sweden there were more
smokers in the obese than in the normal weight category, but the exceptions were usually not
statistically significant.

On the basis of these resuits one could group the populations into two categories. In
most populations for men and almost ail for women the "classic” inverse association between
smoking and BMI was observed. In some populations, there was no clear association, These
include at least Auckland, Gothenburg, Toulouse and Northern Sweden for men and perhaps

Cottbus County and Perth for women.

Table 5. Age-standardized prevalence of regular cigarette smoking by BMI
category based on data from 42 populations. First MONICA survey, men and

women aged 35-64.

MEN

BMI category Proportion (%)

of smokers 95% CI
Lean {BMI<21,0) 61.8 (56.4, 67.2)
Normal weight (BMI=21.0-24.9) 45.6 (41.8, 49.3)
Querweight (BMI=25.0-29.9) 35.2 (32.8, 37.6)
Obese (BMI»=30,0} 31.8 {29.5, 34.1)
WOMEN
BMI categery Proportion (%)

of smokers 95% €I
Lean {BMI<21.,0) 30.0 (26.0, 34.0)
Normal weight (BMI=21,0-24.9) 2z.8 (19.3, 26.4)
Overweight (BMI=25.0-29.9) 18.0 {14.8, 21.2)
Obese (BMI>=30.,0} 13.9 {11.3, 16.5)
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Discussion

The association between smoking and relative body weight is an important health issue
because both smoking and increased body weight are independent risk factors for
cardiovascular diseasc and quitting smoking is known to lead to weight gain. In addition,
smoking is a potential confounder in the relationship between relative body weighit and
mortality ®2. Therefore the recent suggestion thaf the relationship might be changing from a
negative association to a positive one e espectally among men, prompted us to explore this
association in a wide range of populations. The data collected through the WHO MONICA
Project population surveys provided a unique opportunity to look at this relationship in a large
number of populations from different parts of the world, based on common standardized
survey methods for data collection and quality assurance, and centralized data analysis.

Our results show that the generally accepted finding that smokers weigh less than never
smokers ‘> still prevails in most populations. This was especially true for women. Also a U-
shaped relationship between BMI and number of cigarettes smoked was found among women
but not among men, whereas earlier investigations have generally found a stronger
retationship in men *¥'%!¥, This could be partly explained by the fact that we only used two
categories for numbers of cigareties smoked.

Among men, in some of the study populations there was no association between
smoking and BMI and in these populations there were in general fewer smokers and more ex-
smokers than in populations where smokers were considerably ieaner than never smokers,
This finding suggests that the magnitude of the inverse association between smoking and
body weight may be related to the prevalence of smoking in the population, It also partly
supports the original hypothesis that the "classical” inverse association might no longer be
found in populations with extensive anti-smoking activities and reduced prevalence of
smoking e.g. in Australia, Finland, Sweden, the USA. However, no statistically significant
positive association was found in any of these populations, Therefore it would be premature
to draw any definitive conclusions about a change in the direction of the relationship,
especially because this study was based on cross-sectional data and reflects the situation in the
early and mid 1980s. More recent data, covering & longer time period, will allow this
hypothesis to be tested directly.

One mechanism by which the change from inverse to positive correlation between
smoking and BMI observed in the Finnish study ' might act is through selection among

smokers. As an increasing proportion of light smokers tend to quit smoking when smoking

54



becomes regarded as socially undesirable behaviour, the group of smokers consists
increasingly of heavy smokers, who on one hand have more difficulties in quitting 7 and
who on the other hand have higher BMIs than light smokers . The change in the
association from inverse to positive would therefore be only an ecological change at the
population level since the relative body weight of the heavy smokers at individual level need
not have changed. The lack of an inverse association between smoking and BMI is more often
seen ameng younger men than among older men or women, This might be partly explained
because the decline in body weight is a long-term affect of smoking, whereas the slightly
higher BMI observed in heavy smokers may be unrelated to the duration of smoking, This is,
in fact, in agreement with the findings of the Finnish study where, in spite of the overall
positive association, years of smoking was confirmed as a significant inverse predictor of
BMI '°. The effect of duration of smoking on body weight can however be an indirect one; it
is better recognised in older people whose weights have a bigger range than in the young. The
reasons for higher BMI of heavy smokers remain unclear. Clustering of unhealthy habits '®
and use of smoking as a way to control body weight among obese people * have been
suggested as potential explanations, but no studies have been conducted specifically to
explore this phenomenon.

When looking at the prevalence of smoking between different BMI categories, the most
consislent inverse association was found in relation to leanness, especially among men, This
is supported by earlier research ® and suggests that even if, in some populations, average body
weight might be positively associated with smoking, leanness remains inversely associated
with cigarette smoking. QOur data did not allow us to investigate the association between BMI
and duration of smoking, This might have further elucidated the differences between
populations, because mean age of starting to smoke may differ among populations and this,
too, could affect the distribution of BMI.

Some studies have found ex-smokers to be heavier than never smokers “'°, whereas
others have not >*, Our findings suggest that, among men, ex-smokers tend to have higher
BMI than never smokers, but not among women and this finding is supported by one carlier
study ', Also Flegal et al. '* found that male ex-smokers were heavier than never smokers,
but among women only those ex-smokers who had stopped smoking less than 10 years ago.
The category of occasional cigarette smokers, pipe and cigar smokers was not compared with
never smokers in this study because of the small number of observations.

Socioeconomic status (SES) is a potential confounder in the relationship between

9,28

smoking and body weight. Persons with lower SES tend to smoke more and to have
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higher BMIs """ than those with higher SES, the latter especially among women. The
associations found in this study were not explained by the effects of SES measured in tertiles
of years of schooling. This is consistent with the results of several other studies >*>'%, We did
not measure such potential confounders as physical activity, caloric intake and alcohol use,
but in several studies they have not been found to be actual confounders *** for the BMI-
smoking relationship,

This work is one example how large international multi-centre studies can be used to
obtain an overview strengthened by standardized methods of data collection and quality
assurance. One should, however, be cautious in applying quantitative measures obtained by
combining data from heterogenous populations. Nevertheless, the consistency of associations
observed among a large number of different populations gives considerably more weight to
the findings than results based only on one cohort or study population which cannot be
directly generalized to other populations.

In summary, in populations of the WHO MONICA Project covering a wide range of
smoking habits and prevalence of overweight, men and women who smoked generally had
lower BMIs than never smokers. Among men, the difference was more pronounced in
populations where smoking was relatively more common. Heavy smokers did not generally
have lower BMIs than light smokers. Among men, but not among women, those who had
stopped smoking had higher BMIs than those who never smoked. These results confirm that
smoking is associated with relative body weight in individuals as well as in populations but
that differences in smoking habits in a population can influence the magnitude of this

association.
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4.2 Differences in the association between smoking and relative body weight
by educational level: Monitoring Project on Cardiovascular Disease Risk

Factors in the Netherlands

Abstract

Objective: To investigate differences in the association between smoking and relative body
weight by sex, age group and level of education.

Design: Cross-sectional study.

Subjects: About 36,000 men and women who participated in the Monitoring Project on
Cardiovascular Disease Risk Factors in the Netherlands in 1987-91.,

Results: The association between smoking and relative body weight differed by level of
education. This difference was more pronounced among men than among women. Male
heavy smokers had statistically significantly {p<0.05) higher mean BMI than never smokers
at high educational level, whereas they had a significantly lower mean BMI than never
smokers at low educational level. In addition, ex-smokers had significantly higher mean BMI
than never smokers in men with high education but not in men with low education nor in
women. The difference in the association between smoking and relative body weight by
educational level could not be explained by physical activity, fat intake or alcohol
consumption nor by factors related to smoking behaviour.

Conclusion: The association between smoking and relative body weight may differ between
subgroups within one population. Therefore adjustment for these subgouprs, for example for
educational level, may be inappropriate in studies of the BMI-smoking relationship. Also,

stopping smoking may have different effects on weight in these subgroups.
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Background

Numerous epidemiological studies have shown that smokers have relatively lower body
weights than non-smokers """ and smoking cessation often leads to weight gain 23711214,
This is mainly due to the effects of smoking on metabolic rate: smoking increases energy

' and the effect of nicotine is especially strong during light activity ',

expenditure
Moreover, the inverse relationship between smoking and relative body weight seems to
become stronger by increasing age * which can be explained by longer duration of smoking
517

Among smokers a U-shaped relationship between number of cigarettes smoked and
relative body weight has been found in several studies, those smoking 10-20 cigarettes per
day being leaner than those smoking less than 10 and those smoking more than 20 cigarettes
per day 15, %% 18,15 Although this seems paradoxical given the metabolic effects of smoking,
it has been suggested that heavy smokers may weigh more because of clustering of other
unhealthy habits such as high intake of saturated fat, heavy use of alcohol and little exercise.
Indeed, a study in Finland found that smoking was no longer inversely but positively related
to body mass index, especially in younger middle-aged men ', These findings suggest that
the association between smoking and relative body weight may differ between men and
women and also between different age groups. Besides the effect of age, any relationship
between smoking and relative body weight may be confounded by socioeconomic status
(SES), as persons with lower SES tend to smoke more %1929 and to have higher BM1 H1120
than those with higher SES. Other lifestyle factors which may effect body weight are also
related to SES.

We studied the association between smoking and relative body weight in the Dutch
population using data from the Monitoring Project on Cardiovascular Disease Risk Factors
assigning special attention to the possible variation in this relationship between men and

worrnen and between different age groups and socioeconomic categories.

Subjects and methods

The Monitoring Project on Cardiovascular Disease Risk Factors was carried out in the

Netherlands from 1987 to 1991, The aim of this project was to monitor major risk factors for
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cardiovascular diseases, e.g. blood pressure, plasma cholesterol, smoking habits and relative
body weight. The project was carried out by the municipal health services in three towns in
the Netherlands: Amsterdam, Doetinchem and Maastricht. Each vear new random samples of
men and women aged 20-59 years were selected from the municipal regisiry of each town and
invited to participate in the study. To obtain equal numbers in each age category, the sampling
was stratified by gender and 5-year age classes. The overall participation rate for these years
was 50% for men and 54% for women 2'. From 1987 till 1991 about 36,000 men and women
were examined.

The respondents were weighed wearing indoor clothing after they had taken off their
shoes and emptied their pockets. Weight and height were measured {o the nearest 0.1 kg and
0.5 ¢cm respectively. Body mass index (BMI) was calculated as weight divided by height
squared (kg/m?) as a measure for relative weight. Current cigarette smoking was estimated
from the questions Do you smoke? as well as 'I-Io‘;v many cigarettes do you smoke per day?'
Former smoking was estimated from the following question: 'Have you ever smoked
cigarettes regularly?' In addition some further questions concerning smoking history were
asked of all subjects : ‘At what age did you start cigarette smoking?', 'Do you smoke cigars
now?', ‘Do you smoke pipe now?' In the analysis respondents were classified as follows:

* Regular cigarette smokers reported smoking cigarettes every day. They were

further classified into

a) light to moderate smokers, those who smoked 1-19 cigarettes per day, and
b} heavy smokers, those who smoked 20 or more cigarettes per day.

* Other current smokers reported smoking cigarettes occasionally or smoking

pipe or cigar currently, Duc to small number of subjects (430 men, 72 women) this

category was excluded from the analyses.

* Bx-smokers reported smoking cigarettes regularly in the past but not currently.

* Never smokers had never smoked cigarettes regularly.

In addition, information was obtained about education, physical activity during leisure fime,
alcohol consumption and energy intake. Education was used as a measure for sociceconontic
status, It was categorized into three levels: low, medium and high. Low education was defined
as primary school, lower occupational education or less, medium as secondary level education
and high education as university, higher occupational or corresponding education. Physical
activity was dichotomized into inactive and active. Active was defined as exercise during
leisure time for at least 4 hours per week. Alcohol consumption was obtained by asking the

number of alcohol containing beverages in glasses per week and then divided by 7 to get the
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average number of drinks per day. The usual dietary intake was assessed by using a short (70
food items) self-administered semi-quantitative food frequency questionnaire *?. The
questionnaire was constructed to be able to assess the intake of energy and nutrients of
interest in cardiovascular disease epidemiology. The food frequency questionnaire was
validated in a subsample of 203 subjects, Unforfunately, it is known that there is increasing
underreporting of energy intake by increasing levels of overweight * (usually there is a
negative association between energy intake and BMI although it is known from controlled
studies that the association should be positive). Therefore, percentage of fat in total energy
intake was used in the analyses instead of total energy intake. After excluding pregnant
women (n=306) there remained all together 35,657 subjects in the study.

To assess the possible selection bias, a non-response survey was carried out among 1
620 subjects who had been approached between August and December 1991 ', In 1992 they
were approached for a second time by telephone (75%) or by mail for those who did not have
a telephone (25%). The response was 61%, 23% could not be reached and 16% refused to
participate. Respondents and non-respondents were similar with respect to educational level,
In men, but not in women, the percentage of smokers was 15% higher among the non-
respondents than among the respondents. The percentage of alcohol users was about 10%

lower among the non-respondents compared with the respondents.

Statistical analyses
For crude analysis of the relationship between smoking and BMI, we compared mean BMIs

in different smoking categories across age groups and levels of education. Since educational
level, but not age, emerged as an important modifying factor in the crude analysis, multiple
regression analysis was used for calculating mean BMIs in different categories of smoking
adjusted for age and stratified by level of education. Mean BMIs by smoking category were
calculated using the general linear model (GLM) procedure of SAS statistical software M,
Confidence intervals for the estimates were calculated from standard errors of the regression
coefficients assuming that the sampling distributions of the coefficients were normal. To test
the significance of effect modification by education, we performed a regression analysis with
BMI as the dependent variable and age, smoking status and educational level as independent
variables together with an interaction ferm between educational level and smoking status.
Since the results for medium education category were intermediate to those of low and high
education and to keep the comparison as simple as possible, only high and low educational

levels were included in this analysis, To test whether the interaction could be explained by
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lifestyle or by factors related to smoking behavior, we added variables measuring these
factors to the model containing the interaction term, first "lifestyle variables” alone, then
"stnoking factors" alone and finally all together. To evaluate possible clustering of unhealthy
lifestyle habits in heavy smokers, we compared the proportion of physically active, alcohol
users and mean percentage of fat in total energy intake in heavy, light, never and ex-smokers

stratified by educational level.

Results

Table 1 gives the mean BMI, mean age and proportion of subjects with high education in
different categories of smoking. In both sexes, light smokers were the leanest. Differences
between the smoking categories in age and educational level were observed. Overall, heavy
smokers weighed slightly more than never smokers among men but slightly less than never
smokers among women. Ex-smokers weighed more than never smokers among men but not
among womien. As reported already earlier 2l the mean BMI increased with age in both sexes
and was inversely associated with educational level. This was more pronounced in women
than in men. The prevalence of regular cigarette smokers was 42% and 39% in men and
women respectively.

Mean BMI by smoking category was calculated for different age groups and different
levels of education. The association between smoking and BMI was similar in ail age groups
{not shown) although more pronounced with advancing age. The association differed,
however, by level of education. Figures 1.1 and 1.2 show the relationship between smoking
and BMI stratified by educational level when adjusted for age. Among men, heavy smokers
weighed more than light smokers at all levels of education. In the low education category,
heavy smokers weighed significantly less than never smokers whereas they weighed
significantly more than never smokers in the high education category, Ex-smokers weighed
significantly more than never smokers at high and medium educational level whereas there
was no difference in BMI between never and ex-smokers at low educational level. There was
a bigger difference in BMI among never smokers across educational level than among heavy
smokers who tended to have a "similar" BMI regardless of education. Among womern,

smokers usually weighed less than never smokers, but the difference was more pronounced,
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Table 1. Monitoring prafect on Cardiovascular Disease Risk Factors in the Netherlands, Mean BMI
(SD in parenthesis), mean age and proportion of subjects with high education by smoking status, men
and wonien aged 20-59 years.

Mean Mean % high

BMI (8D} age (SD) educat, N (%)
MEN
Never smokers 250034 37.6(11.1) 24.6 46438 (28)
Light smokers 24.7(3.3) 40.3(11.1) 16.4 3924 (24)
Heavy smokers 25.3(3.0) 42.8 (9.8) 12.5 2939 (18)
Ex-smokers 26.0(3.3) 45,0 (9.7} 22.4 5147 (31)
WOMEN
Never smokers 25.2(4.5) 41,7 (11.9) 15,7 7536 (40)
Light smokers 24.1(3.9) 40,2 (11.0) 12,7 4775 (25)
Heavy smokers 24,6 (4.3} 41.4 (10.0) 5.8 2669 (14)
Ex-smokers 24.8 (4.0) 42.0(10.0) 19.2 4019 (21}

and significant, at low educational level. Also ex-smokers weighed less than never smokers at
low educational level whereas there was no difference between them and never smokers at
other levels of education.

The interaction between smoking and educational level described graphicatly in Figures
1.1 and 1.2 is presented as results of regression analysis in Table 2. Never smokers with low
education were used as the reference category. The modifying effect of level of education (the
interaction term) was statistically significant for both sexes in all categories of smoking. The
table shows that, among men, at low educational level heavy smokers weighed 0.67 kg/m®
(2.1 kg at height 1,75 m) less than never smokers, whereas at high educational level heavy
smokers weighed 0.50 kg/m® (1.5 kg at height 1,75 m) more than never smokers. Among
women, heavy smokers weighed 1.16 kg/m” (3.3 kg at height 1.70 m)} less than never smokers
at low educational level, and 0.28 kg/m® (0.8 kg at height 1.70 m) less than never smokers at

high educational level.
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Figure 1.1 Mean BMI by smoking category in men aged 20-59 years, stratified by

educational level and adjusted for age.
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Figure 1.2 Mean BMI by smolking category in women aged 20-59 years, stratified by

educational level and adjusted for age.
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Table 2. Monitoring Project on Cardiovascular Disease Risk Factors in the Netherlands. Regression
coefficients (B} for testing the interaction between education and smoking status in explaining mean

BMI (ke/ni®).

MEN I s.e. p-value
Intercept 22,93 0.134 0001
Age (yrs) 0.08 0.003 .0001
Education '

High -i.83 0.118 0001
Smoking

Light -1.05 0.095 0001

Heavy -0.67 0.106 0001

Ex 0.02 0.093 .86
Education*Smoking

High Light 0.76 0.186 0001

High Heavy 1.17 0.219 0001

High Ex 0.49 0.164 .0029

N=12925 R*=0.109

WOMEN i s.e. p-value
Intercept 21.60 0.157 0001
Age (yrs) 0.11 0.003 0001
Education !

High -2.46 0.133 0001
Smoking *

Light -1.38 0.092 .0001

Heavy -1.16 0.107 0001

Ex -0.64 0.100 0001
Education*Smoking

High Light 1.05 0.221 0001

High Heavy 0.88 0.296 0028

High Ex 0.59 0.211 0054

N=15356 R*=0.133

! compared to low education level
? compared to never smokers

Clustering of unhealthy lifestyle habits among heavy smokers was evaluated by comparing
some characteristics across smoking categories stratified by level of education (Table 3).
Heavy smokers were more often alcohol users and less physically active than light or never
smokers, This was more pronounced among men with high education, among whom heavy

smokers weighed more than light or never smokers. But it was also true for men with low
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Table 3. Monitoring Profect on Cardiovascular Disease Risk Factors in the Netherlands. Some

charachteristics (mean and SD or proportion) of heavy, light, never and ex-smokers stratified by education.

MEN High education

Heavy smokers  Light smokers Never smokers  Ex-smokers
N 366 641 1142 1150
Age (yrs) 41.3(8.8) 39.7(8.8) 37.6(9.3) 43.5(9.1)
Duration of smoking {yrs) 22.9(9.1) 19.6(9.9) - 146 (8.7)
Alcohol users (23 gliday) 38% 22% 10% 20%
Physically active 52% 64% 73% 7%
% fat of total energy intake ~ 37.7 (5.8) 38.5(5.1) 39.2 (4.6) 383 (49

Low education

Heavy smokers  Lightsmokers  Never smokers  Ex-smokers
N 2032 2461 2241 2888
Age (y13) 43.8(9.8) 41.9(11.3) 40.6{11.2) 46.5 (9.3)
Buration of smoking (yrs) 26.7(10.H 23.4 (11.4) - 18.5(10.1)
Alcohol users (23 gl/day) 29% 16% 10% 17%
Physically active 53% 64% 68% 70%
% fat of total energy intake  39.4 (6.1) 40.1(5.3) 40.2 (5.2} 39.7 (5.1}
WOMEN High education

Heavy smokers  Lightsmokers  Neversmokers  Ex-smokers
N 260 604 1179 769
Age (yrs) 39.3(38.3) 372481 37.9(10.3) 40,0 (8.4)
Duration of smoking (yrs) 20.4 (7.8) 16.3 (8.4) - 11,7(7.4)
Alcohol users (23 gl/day) 18% 8% 2% 5%
Physically active 57% 69% 69% 69%
% fat of total energy intake 383 (5.0) 38.9(4.4) 39.8(4.4) 39.3 (4.4)

Low education

Heavy smokers  Light smokers Never smokers  Ex-smokers
N 2026 3289 4728 2494
Age (yrs) 42.6(9.9) 42,7 (10.5) 45.4 (10.5) 44.0(9.8)
Duration of smoking (yrs) 24.6 (9.5} 22.8(10.2) - 15.0 (9.6}
Alcohol users (23 gl/day) 8% 2% 1% 2%
Physically active 48% 62% 63% 67%
% fat of total energy intake 41,2 (5.6) 4£1.4 (4.9} 41.2(4.8) 40.8 (4.6)

67



education and for women. The percentage of fat in total energy intake varied only little across
the smoking categories and was slightly inversely associated with heavy smoking. Heavy
smokers were also older and had smoked longer than light smokers. Ex-smokers were similar
to light smokers with respect to alcohol intake but similar to never smokers with respect to
physical activity.

To test whether the effect modification of education could be explained by lifestyle or by
factors related to smoking behavior, we added variables measuring these faciors to the model
containing the interaction term (Table 4). BMI was significantly inversely associated with
physical activity, alcohol use (positively in men, inversely in women) and percentage of fat in
total energy intake (positively in men only), but these factors did not explain the interaction
between smoking and education. Factors related to smoking behavior, such as duration of
smoking, number of cigarettes smoked, number of cigarettes smoked during the smoking
period {ex-smokers) and duration since stopping smoking {ex-smokers) did also not explain
the interaction. In men, duration of smoking and duration since stopping smoking were
significantly inversely associated with BMI, while number of cigarettes smoked (borderline)
and number of cigarettes smoked during the smoking period were significantly positively
associated with BMIL In women, only the duration of smoking and number of cigarettes
smoked during the smoking period (ex-smokers) were statistically significant. The
coefficients for the smoking status and for the interaction terms were somewhat reduced but
still significant after adding the lifestyle and smoking behavior variables into the model. The
proportion in the variation of BMI explained by these factors was 12% in men and 15% in

WOnicH.

Discussion

It has been suggested that socioeconomic factors such as education might at least partly
explain the greater body weight of heavy cigarette smokers, because in most developed
countries low SES is strongly associated with higher prevalence of cigarette smoking and
with higher prevalence of obesity, although this relationship is stronger among women than
among men. In studies which have taken SES into account it has not been an important
confounder and has not explained the greater body weight of heavy smokers 3391 In

accordance with the general notion, low education was strongly associated with smoking and
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Table 4. Monitoring Project on Cardigvascular Disease Risk Factors in the Netherlands. Multiple regression
coefficients () for testing whether the interaction between education and smoking status can be explained by
differences in lifestyle or in smoking habits.

MEN ] 5.6, p-value
Intercept 22.08 0.310 0008
Age (y1s) 0.09 0.004 0001
Education !

High -1.75 0.118 0001
Smoking

Light -0.74 0.176 0001

Heavy -0.58 0.246 0164

Bx -0.18 0213 Al
Education*Smoking

High Light 9.67 0.187 0004

High Heavy 1.09 0.218 0001

High Ex 0.54 0.164 0010
Physical activity -0.53 0.061 0001
Alcohol (2 3gliday) 0.17 0.084 0414
% fat in tot. energy 0.17 0.060 0042
Duration of smoking * -0.10 0,025 0001
Number of cigs/day * 0.14 0,076 0692
Dur. since stopping © -0.12 0.038 0014
Past number of cips/day ’ 0.47 0.046 0001
N=12838
WOMEN B s.e. p-value
intercept 21.08 0,356 .000¢
Age (y1s8) 0.12 0.004 .0001
Education

High -2.28 0.134 .0001
Smoking

Light -0.85 0.202 0001

Heavy -0.87 0.297 .0033

Ex -0.79 0.261 0026
Education*Smoking

High Light 0.93 0.224 0001

High Heavy 0.81 0.296 0065

High Ex 0.49 0.213 0214
Physical activity -0.83 0.068 .0001
Alcohol (2 3gliday) -0.43 0.194 0282
% fat in tot. energy > 0.08 0.070 23
Duration of smoking * -0.12 0,028 .0001
Number of cigs/day > 0.13 0.100 .19
Dur. since stopping ° -0.06 0.050 27
Past number of cigs/day 7 0.58 0.079 0001
N=15253

compared to Jow education level

compared 1o never smokers

per each 10 % of fat in total energy intake

per each 5-year class of duration

per each 10 cigarettes per day

per each 5-year class of duration since stopping smoking
per each 10 cigarettes on average per day during smoking
period {ex-smokers)

I
2
3
4
5
6
7
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higher BMI in our study population, the latter being more pronounced among women. But
instead of being a confounder, education was found to be an effect modifier.

Our main finding was that in a study population confaining almost 36,000 Dutch men
and women aged 20-59 years during 1987-1991 the association between smoking and relative
body weight differed by level of education. Heavy smokers weighed more than never smokers
at high educational level, whereas they weighed less than never smokers at low educational
level when adjusted for age. This modifying effect of education was more pronounced in men
than in women. Also ex-smokers weighed more than never smokers among men with high
education but not among men with low education nor among women.

Lifestyle factors such as physical activity, alcoho! consumption and percentage of fat in
total energy intake were associated with BMI, but did not explain the modifying effect of
education observed in the present study. Likewise, factors related to smoking history such as
duration of smoking and number of cigarettes smoked per day, duration since stopping
smoking (ex-smokers) and number of cigarettes smoked during the smoking period (ex-
smokers} did not explain the variation in the association by education.

Some differences in the association between smoking and relative body weight were
observed between men and women. For men, the association was opposite at low and high
educational level whereas, for women, the association was to the same direction but stronger
at low educational level. Also the percentage of fat in total energy intake was significantly
related to BMI ameong men but not among women, Moreover, alcohol consumption was
positively associated with BMI among men but inversely associated with BMI among
women. Even though this is in agreement with the findings of several studies, the evidence for
the relationship between alcohol consumption and weight remains somewhat inconsistent in
the literature which might be due to validity problems in measuring alcohol consumption %,
In our siudy population alcohel consumption was more frequent at high than at low
educational level.

Age was a positive predictor of BMI whereas duration of smoking was inversely
associated with BMI when adjusted for age. This finding is supported by previous research
317 Also in accordance with other studies is our finding that the number of cigarettes smoked
per day was positively associated with BMI *'™'*, The fact that the number of cigarettes
smoked per day was not statistically significantly related to BMI is probably due to that the
division into heavy and light smokers was enough to cover the effect of amount of smoking,
For ex-smokers, number of cigarettes smoked per day during the smoking period was

positively associated with BMI which is supported by studies in which heavy smokers have
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been found to gain more weight than light smokers after stopping smoking '*. Duration since
stopping smoking was inversely related to BMI which agrees with the findings of Chen et al.
¥ who demonstrated that weight gain after cessation of smoking levelled off after some years,
and with the findings of Flegal et al. ' who found that those who stopped smoking less than
10 years ago gained more weight than never smokers while those who had stopped smoking
tnore than 10 years ago did not,

We found some evidence for clustering of unhealthy lifestyle habits such as physical
inactivity and heavy alcohol use among heavy smokers compared to light and never smokers
in men and women, In women, alcohol use was inversely associated with BMI and therefore
only physical inactivity remains to explain the greater body weight of heavy smokers. Heavy
smokers were also older and had smoked longer than light smokers. These factors may have
cancelled out each other's effect to some degree since age was a positive and duration of
smoking a negative predictor of BMIL Due to underreporting of energy intake by increasing
level of overweight the absolute energy intake and energy expenditure could not be measured
adequately in this study. The percentage of cnergy intake derived from fat was not related fo
heavy smoking. In spite of the fact that lifestyle factors did not explain the modifying effect of
education on the association between smoking and BM]I, it is likely that, among men, the
observed abundant wse of alcohol among heavy smokers at high educational level has
contributed to their higher BMI when compared to never smokers. Among wormen, the more
frequent alcohol use of heavy smokers at high educational level must have resulted in a lower
average BMI than would have been observed with less use of alcohol since alcohol use was
inverscly associated with BMI among women. Alcohol use may thus be one of the reasons
why the effect modification by education was more pronounced among men than women.

It has been suggested that the inverse association between smoking and relative body
weight might no longer hold in populations with previously high but currently low prevalence
of smoking ', In our study population smoking was still relatively common compared to
other Western European countries, but smoking prevalence differed remarkably by level of
education. Bven though light smokers were leaner than never smokers at all educational
levels, male heavy smokers weighed more than never smokers at high educational level where
also the prevalence of smoking was lower than at low educational level, This finding suggests
that the association between smoking and relative body weight may also differ in different
subgroups within one population. If this is the case, it has both statistical and public health
implications. From statistical point of view, if there are subgroups where the association

between smoking and relative body weight differs, the apparent overall association depends
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on the relative proportions of these subgroups in the population, Also, adjustment for SES,
which is frequently used in studies on the association between smoking and body weight, may
be inappropriate and might in fact hide the existing differences between socioeconontic levels
in the BMI-smoking relationship. From the public health point of view, if, for example, the
weight of ex-smokers compared to never smokers differs between subgroups, stopping
smoking may have different consequences with respect to body weight in these subgroups.
There is of course no doubt that stopping smoking is fo be recommended in all subgroups of a
population. However, in some subgroups there may be less need to be concemed about the
possible weight gain after smoking cessation, Therefore it might be possible and more
effective to target the efforts to prevent weight gain after smoking cessation to the subgroups
which need and profit most from such efforts.

Although the number of subjects in this study was large, the response rate was relatively
low. On the basis of the resulis of the non-response study, non-respondents (in men) smoked
somewhat more than respondents but there was no difference in education. Thus, among men,
the proportion of smokers must have been slightly underestimated at all levels of education.
We did not have information about the relative weight of the non-respondents. Even if such
information would have been available, it would not have been comparable with the relative
weight of respondents, since the weight of non-respondents cannot be measured objectively
and self-reported weights are known to be biased. If the response rate would have been
higher, the actual regression coefficients might have been different. But if the results obtained
in this study were to be explained completely by differential non-response, it would have
reguired substantial non-response of lean heavy smokers at high educational level and/or
overweight heavy smokers at low educational level, We consider such a possibility relatively
unlikely.

We did not find any obvious explanation to the effect modification of education in the
smoking-BMI relationship. There are two possible explanations to these 'negative' findings.
Either factors related to lifestyle and smoking habits do explain the effect modification but we
did not measure these factors with required degree of precision. Unprecise measurements can
result from limited reporting of the subjects or e.g. partly from the fact that some of the key
variables were dichotomous. The observed clustering of unhealthy habits in heavy smokers at
all levels of education (although more prononced at high educational level) supports,
however, the finding that these factors cannot fully explain the effect modification. Another
possible explanation is that some other factors which we did not measure in this study, such

as slimming behavior, other measures of conscious and unconscious weight control,
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personality types or other psychosocial factors, are at play. It has been suggested that some
people may adopt the habit of smoking in order to control body weight 4 and it is a general
notion that many people sustain to smoke because they are afraid of weight gain 2 Tendencjf
to this type of behavior may differ between levels of education. For example, heavy smoking
among people with high education might be more related to stress than among those with low
education. Our observations are, however, based on cross-sectional data and cannot thus
provide any evidence for temporal mechanisms in the relationship between smoking and
relative Body weight at different levels of education. Similarly, questions about reasons for
smoking were not asked in this study.

In conclusion, we observed that the association between smoking and body mass index
differed by ievel of education in our study population, These different associations could not
be explained by differences in other aspects of lifestyle such as dietary fat infake, physical
activity and alcohol consumption nor by differences in smoking behavior. It is unlikely that
there are major genetic determinants that may explain these observations, Further research on
the reasons why men and women with low education weigh relatively more than men and
women with high education, why the effect of smoking differs by educational level other than
fat intake, physical activity and alcohol consumption and whether these differences exist also
in other populations is needed, because it may contribute to the understanding of the eticlogy

of obesity in smokers, ex-smokers and never smokers.
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4.3 Educational level and relative body weight, and changes in their
association over 10 years - an international perspective from the WHO

"MONICA Project

Abstract

Objective: To assess the consistency and magnitude of the association between educational
level and relative body weight in populations with widely different prevalences of overweight,
and to investigate possible changes in the association in these populations over 10 years.
Methods: Differences in age-adjusted mean body mass index {(BMI) between the highest and
the lowest tertile of years of schooling were calculated in 26 populations in the initial and
final surveys of the WHO MONICA Project. The data are derived from random population
samples including over 42,000 men and women aged 35-64 years in the initial survey (carred
out in 1979-89) and almost 35,000 in the final survey (1989-96).

Resuits: In women, almost all populations showed a statistically significant inverse
association between educational level and BMI: the difference between the highest and the
lowest educational tertile ranged from -3.1 to 0.4 kg/m® in the initial survey, and from -3.3 to
-0.3 kg/m” in the final survey. In men, the difference in BMI between the educational tertiles
ranged from -1.2 to 2.2 kg/m® and from -1.5 to 1,2 kg/m® in the two surveys, respectively.
About one fourth of the maie populations in the initial survey and about a half in the final
survey showed a statistically significant inverse association. About a haif showed no
significant association, and two and one populations in the two surveys, respectively, showed
a statistically significant positive association. Smoking behaviour did not explain the observed
agsociations. In about two thirds of the populations the differences in BMI between the
educational levels increased over the 10-year period.

Conclusion: A lower education was associated with a higher BMI in about half of the male
and in almost all female populations. In general, there was a small shift towards stronger
inverse association and the differences in relative body weight between educational levels
increased over the study peried. Thus, socio-economic inequality in health consequences
associated with obesity may widen in many countries. This has important implications for

health promotion.
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Introduction

Numerous studies have investigated the relationship betweel.l socio-economic status and
relative body weight. In general, an inverse association has been observed in women in
affluent socicties, whereas the association in men is less consistent ', In less affluent
societies a positive association between obesity and socio-economic status has been found
both in men and women 77, The WHO MONICA Project includes populations with a wide
range of per capita income and other socio-economic indicators, and the prevalence of
overweight also varies considerably among the populations 1012 Using this unique data set we
explored the extent to which the association between socio-econonic status and relative body
weight differ among the MONICA populations. Educational level was used as an indicator for
socio-economic status. We also investigated whether the differences observed among the
populations in the association between educational level and relative body weight were
related fo the prevalence of obesity or to the disfribution of education in the population, and
whether smoking explained the association between educational level and reiative body
weight,

Remarkable socio-economic inequalities in self-perceived health, morbidity and
mortality exist in many countries >'7, Because excess relative weight is related to the

'3’19, socio-economic differences in the

incidence of several chronic diseases and mortality
prevalence of overweight and cbesity may act as one factor through which these inequalities
in health emerge. Therefore it is important to know if the association between socic-economic
status and relative body weight has changed among the MONICA populations over the 10-
year study period. Hence, we studied the association between educational level and relative
body weight and the changes in this association in 26 populations which had coliected data on

years of schooling and weight and height in the initial and final MONICA surveys.

Methods

The WHO MONICA Project was designed to measure trends in incidence and mortality from
cardiovascular disease, and to assess the extent to which these trends are related to changes in

known risk factors. The project is carried out in 39 Collaborating Centres in 26 countries with

several centres monitoring mere than one geographically defined study population. Risk

76



factors in the WHO MONICA Project are monitored through independent cross-sectional
population surveys over a 10-year period 020 The surveys included random samples of at
least 200 people in each gender and ten-year age group, for the age range 35-64 years, and
optionally 25-34 years, This study presents the data from the initial and final surveys. The
survey periods ranged from May 1979 to Febrvary 1989 for the initial survey and from June
1989 to November 1996 for the final survey. In this paper, the age range from 35 to 64 vears
is considered. The overall participation rates for the populations included in the present study
varied from 51% to 89% in the initial survey and from 48% to 90% in the final survey. The
population sizes, participation rates and the survey periods have been described in more detail

elsewhere 142,

Standard recommendations for the basic anthropometric measurements in MONICA
were the following. Height and body weight were measured with participants standing
without shoes and heavy outer garments, Height was recorded to the nearest 1 cm and weight
to the nearest 200 g. Body mass index (BMIL), used as a measure for relative weight, was
calculated as weight divided by height squared (kg/m?).,

Educational level was measured in years of schooling. Years of schooling were obtained
by asking: "How many years did you spend at school or in full-time study?” Because there
were large differences in the disributions of years of schooling between populations and also
between sexes and age groups within populations, years of schooling were divided into
tertiles which were calculated separately for each sex and lQ-year age group in each
population and for each survey. Cut-points for the tertiles were selected between whole years
of schooling in such a way that each tertile would contain as close as possible one third of the
subjects. Due to clumping of the disiributions, however, this was not always possible but the
cut-points were chosen to ensure that the highest and lowest groups comprised at least 15% of
the subjects in the sample. Because older age groups often had less education, the cut-points
were usually lower in the older than the younger age groups.

Data on smoking were obtained using a standard questionnaire %, In the present analyses
the respondents were classified as: 1) heavy smokers (those smoking 20 or more cigarettes per
day), 2) light smokers (those smoking 1-19 cigarettes per day), 3} other current smokers
(those reporting cigarettes occasionally, at least 1g of pipe tobacco per week or at least one
cigar per week) 4) ex-smokers (those reporting having smoked cigarettes daily in the past but
not currently) and 5) never smokers (those who were not current smokers and had never

smoked cigarettes daily).
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The data on weight and height measurements, years of schooling and smoking have been
centrally assessed in the WHO MONICA Project, and any population with unsatisfactory
quality of data has been excluded from this study.

Statistical methods
To describe the distributions of BMI and years of schooling in each population, the age
standardized prevalence of obesity (BMI 2 30 kg/m?) and the median years of schooling are

given for men and women in each survey. Age standardized prevalences were calculated

using the world standard population ** as the reference population with weights 12, 11 and 8
for the 10-year age groups 35-44, 45-54 and 55-64 years respectively. Because the difference
between the two cut-points for tertiles of years of schooling was narrow in some populations
while wide in others due to the differences in school systems, we calculated the mean of the
three age specific differences and used it as an indicator of the variation in levels of education,

To assess the differences in relative body weight by education, we calculated the mean
BMI in the highest tertile of years of schooling and the differences between it and the other
tertiles in each population in each survey with adjusting for 10-year age group, These were
calculated using the general linear model (GLM) procedure of the SAS statistical software %,
Confidence intervals for the differences in mean BMI were obtained from the standard errors
of the regression coefficients assuming that the sampling distributions of the coefficients were
normal. To assess the extent to which the differences in BMI by educational level were
explained by smoking, the same analysis was also done with adjustment for smoking
category. The statistical significance of the change in the association between BMI and
educational level between the two surveys within a population was derived by testing the
significance of the interaction term between survey and educational tertile in an analysis
which included only the highest and lowest tertiles in the model.

Comrelation coefficients between the prevalence of obesity and the difference in mean
BMI between the highest and the lowest educational tertile were calculated in each survey to
assess whether the association between cducational level and BMI was related to the
prevalence of obesity in the population. These correlations were ecological where each
pepulation presented one observation. To assess whether the differences in the BMI-education
relationship between populations could be explained by the extent of the educational gap
between the lower and higher educational tertiles, we calculated the correlation between the
difference in mean BMI between the highest and lowest educational tertile and the mean

difference of the upper and lower cut-off point of years of schooling in each survey. Because
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some of the observations were outliers, we used Spearman rank comrelations instead of

parametric correlations. All the analyses were carried out separately for men and women,

Table Ia. Age-standardized prevalence of obesity (BMI 2 30kg/m’}, median years of schooling, mean of
differences in age-specific tertile cut-off points of years of schooling {diff.) and mumber of observations in the
initial and final MONICA survey in populations included in this study. Men aged 35-64 years, listed by

prevalence of obesity in the initial survey.

Initial survey Final survey
% abese years of N % years of N
Population schooling ohbese schooling
median __ diff, median _ diff.

CHN-BEI 3 9 4.3 612 4 9 3.0 480
BEL-GHE 9 11 4.0 533 10 12 4.3 487
FRA-TOU 9 10 7 678 13 12 3.0 609
SPA-CAT 10 7 37 987 16 8 3.0 1398
USA-STA 10 14 23 435 20 14 3.0 450
DEN-GLO 11 1o 2.0 1456 13 11 2.0 607
ITA-BRI 11 6 2.0 620 14 8 33 651
SWE-NSW 1 8 i.7 646 14 10 23 568
UNK-BEL 1 10 0.7 929 13 11 20 812
UNK-GLA 11 10 0.3 504 23 10 0.7 678
ICE-ICE 12 10 a3 648 17 12 4.3 693
SWI-VAF 12 13 23 627 16 13 2.0 570
FRA-LIL 13 9.5 2.7 646 17 11 3.0 571
POL-TAR 13 7 2.0 1237 15 9 2.0 621
RUS-NOI 13 9.5 37 608 15 11 5.0 623
RUS-MOC 14 i5 4.3 774 8 15 1.7 557
ITA-FRI 15 i 27 722 17 9 33 685
FIN-NKA 17 7 1.7 1146 22 8 23 508
FIN-KUO I8 8 2.0 977 24 9 27 568
GER-AUU 18 i3 1.3 71t 18 12 2.0 658
POL-WAR 18 11 33 1297 22 12 3.0 751
YUG-NOS 18 11 33 606 17 12 2.0 566
FIN-TUL 19 3 1.7 1205 22 10 23 569
SWI-TIC 9 i2 33 781 13 12 3.0 733
GER-AUR 20 il 1.3 850 24 12 1.7 819
CZE-CZE 22 Il 2.7 948 22 11 1.7 894
Resuls

Tables 1a and 1b show the age standardized prevalence of obesity and the median years of
schooling by the population and survey in men and women, listed by the prevalence of
obesity in the initial survey. There were wide differences in the prevalence of obesity between

the study populations ranging from 3% in Beijing to 22% in Czech Republic in men and from
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10% in Beijing to 43% in Novosibirsk (intervention) in women in the initial survey, and from
4% in Beijing to 24% in Augsburg (rural) and Kuopio Province in men and from 8% in
Beijing to 43% in Novosibirsk (intervention) in women in the final survey. In general, the
prevalence of obesity increased in most populations between the two surveys. The largest
increases, ten percentage points or more in men and seven percentage points or more in
women, occurred in Glasgow and Stanford. Only a few populations showed a decline in the
prevalence of obesity, Moscow (control) showing the largest decline in both men (six

percentage points) and women {12 percentage points).

Table 1b. Age-standardized prevalence of obesity (BMI > 30kg/n’), median years of schooling, mean of
differences in age-specific tertile cut-off poinis of years of schooling (diff.) and munber of observations in the
initial and final MONICA survey in populations included in this study. Women aged 35-64 years, listed by

prevalence of obesity in the initial survey.

Initigl survey Final survey
% obese years of N Y years of N
Population schooling obese schooting
median __ diff, median _diff,

CHN-BEI 10 6 33 635 8 9 37 643
DEN-GLO 10 9 2.7 1361 12 10 2.0 611
BEL-GHE 11 10 33 495 11 10 3.7 517
FRA-TOU 11 I1 3.0 645 10 12 3.0 566
SWIL.VAF 12 it 23 570 9 12 2.3 578
ICE-ICE 14 8 2.3 693 18 10 0 718
SWE-NSW 14 9 2.0 614 14 11 23 596
SWI-TIC 14 10 279 76% 16 11 2.7 770
UNK-BEL 14 10 1.3 925 16 11 1.7 797
USA-STA 14 12 2.0 523 23 13 27 567
GER-AUU 15 3 1.7 677 21 11 20 669
ITA-BRI 15 5 1.3 649 18 5 23 666
UNK-GLA 16 10 0.3 480 23 10 0.7 727
FIN-TUL 17 g 2.0 1282 19 10 2.7 627
FRA-LIL 17 8 2.0 544 22 10 27 578
ITA-FRI 18 5 1.3 737 19 8 23 689
FIN-KUO 20 8 1.3 980 25 9 23 610
GER-AUR 22 it 1.7 854 23 1i 1.7 872
FIN-NKA 23 8 1.7 1240 24 9 23 595
SPA-CAT 23 7 33 994 25 8 3.0 1211
POL-WAR 26 11 33 1327 28 12 20 763
YUG-NOS 30 8 3.3 576 27 11 3.7 o
CZE-CZE 32 10 2.7 990 29 it 23 946
POL-TAR 32 7 1.7 1441 37 8 2.0 696
RUS-MOC 33 14 33 642 21 1S 27 527
RUS-NOI 43 10 3.0 659 43 12 33 656
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The median years of schooling also varied considerably, ranging from 6 years {Area Brianza)
to 15 years (Moscow control) in men and from 5 years (Area Brianza and Friuli) to 14 years
(Moscow control) in women in the initial survey, and from 8 years (North Karelia and
Catalonia) to 15 years (Moscow control) in men and from 5 years (Area Brianza) to 15 years
(Moscow control) in women in the final survey. The mean of the differences in the age
specific tertile cut-off points for years of schooling varied from 0.3 to 4.3 years in men and
from 0.3 {0 3.3 years in women in the initial survey, and from 0.7 to 5.0 years in men and
from 0.7 to 4.0 years in women in final survey.

In men, the difference in mean BMI between the highest and the lowest tertile of years
of schooling ranged from -1.2 to 2.2 kg/m® in the initial survey (Figure 1). In two populations,
Moscow (control} and Tamobrzeg Voivodship, educational level had a statisticatly significant
positive association with BMI. In 18 populations no significant association was found, and in
six populations there was a statistically significant inverse association.

In women, the difference in mean BMI between the highest and the lowest tertile of
years of schooling ranged from -3.1 to 0.4 kg/m?® in the initial survey (Figure 2). None of the
populations showed a significant positive association, but 22 of the 26 popuiations had a
statistically significant inverse association.

Figures 3 and 4 show the differences in mean BMI between the highest and lowest
educational tertile in the final survey. The difference between the highest and the lowest
tertile of years of schooling ranged from -1.5 to 1.2 kg/m? in men and from -3.3 to -0.6 kg/m®
in women. For women, the results were similar to those in the initial survey. In men, the
proportion of populations having a significant inverse association increased from six
populations {23%} in the initial survey to 13 populations (50%) in the final survey.

Adjustment for smoking atienuated the difference in mean BMI between the highest and
lowest educational tertile by an average of 0.2 kg/m’ in those populations where the
difference in BMI between the educational levels was positive (not shown). In those
populations where the difference in BMI between educational levels was negative, i.e. in most
populations, the difference in BMI between the tertiles increased on average by 0.1 kg/m?
when adjusted for smoking,

Next we calculated the ecological correlation coefficients for the difference in mean
BMI between the highest and lowest educational tertile and the age-standardized prevalence
of obesity in men and women in each survey. The correlation coefficient was -0.19 (p=0.36)
in men and -0.08 (p=0.70) in women in the initial survey, and —0.41 (p=0.04) in men and 0.01

(p=0.98) in wome in the final survey, The negative association observed in men means that
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Figure 1. Age adjusted difference (and 95% confidence interval) in mean BMI between the
highest and lowest educational tertile (highest minus lowest tertile) in men aged 35-64 years

in the initial MONICA survey.
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Figure 2. Age adjusted difference (and 95% confidence interval) in mean BMI between the
highest and lowest educational tertile (highest minus lowest tertile) in women aged 35-64

vears in the initial MONICA survey.
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Figure 3. Age adjusted difference fand 95% confidence interval) in mean BMI between the
highest and lowest educational tertile (highest minus lowest tertile) in men aged 33-64 years

in the final MONICA survey.
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Figure 4. Age adjusted difference {and 95% confidence interval) in mean BMI between the
highest and lowest educational tertile (highest minus lowest tertile} in women aged 35-64

vears in the final MONICA survey.
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in populations where the prevalence of obesity was relatively high, men with high education
were leaner than men with low education, whereas in populations where obesity was rare,
men with high education tended to be heavier than men with low education.

The correlation coefficient between the difference in mean BMI between the highest and
lowest educational tertile and the mean difference between the upper and lower cut-off point
of years of schooling was 0.21 (p=0.28) in men and —0.35 (p=0.08) in women in the initial
survey, and —0.02 (p=0.92) in men and —0.30 (p=0.13) in women in the final survey. Although
not statistically significant, the correlations were negative in women suggesting that in
populations where the gap in education between the high and low educational levels was

relatively wide, the negative association between educational level and BMI was strongest,

Table 2. Change between the initial and final MONICA survey in the difference in mean BMI (kgim’} between

the highest and lowest educational tertile.

MEN WOMEN
Population Change ' Population Change !
POL-TAR -0.9 POL-WAR - 1.9*
SWE-NSW -0.5 RUS-MOC -1.3
YUG-NOS -0.5 SWE-NSW - 1.0
ITA-FRI -0.3 SWI-VAF 0.0
CHN-BEI -03 ITA-FRI 0.0
CZE-CZE -03 FIN-TUL 0.0
RUS-MOC . -0.2 UNK-GLA . 0.0
SPA-CAT -0.1 CZE-CZE +0.1
SWI-TIC -0.1 ITA-BRI +0.1
UNK-BEL 0.0 UNK-BEL +0.1
DEN-GLO +0.1 BEL-GHE +0.1
FIN-TUL + 0.2 ICE-ICE +0.2
GER-AUR +0.2 USA-STA +0.2
ICE-ICE + 0.2 FIN-KUQ +0.3
BEL-GHE +0.2 SWI-TIC +04
FRA-LIL +0.3 GER-AUR +0.4
RUS-NO1 +0.3 FRA-TOU + 0.4
SWI-VAF +0.3 SPA-CAT +0.5
FRA-TOU +0.4 YUG-NOS +0.5
ITA-BRI + 6.4 FRA-LIL + 0.5
GER-AUU +0.4 FIN-NKA + 0.6
POL-WAR +0.7 DEN-GLO +0.7
UNK-GLA + 1.0 CHN-BEI +0.9
FIN-KUO +1,1% RUS-NOI + .1
USA-STA +1.4* GER-AUU : +1.3
FIN-NKA + 1.5% POL-TAR +1.6*

'+ denotes that the difference in BMI between educational levels increased and — denotes that the difference
decreased from the initial to the final survey.
* p-value < 0.05.
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In the majority of populations (62% for men and 73% for women) there was at least 0.1
kg/m? increase in the difference in mean BMI between the highest and the lowest educational
tertile between the initial and final survey (Table 2), although the increase was statistically
_significant only in three populations (North Karelia, Kuopio Province and Stanford) in men
and in one population (Tamobrzeg Voivodship) in women. An increase (or decrease) of more
than about 1.0 kg/m® in men and 1.4 kg/m? in women was statistically significant. This
corresponds to a mean change of about 3.0 kg in a man with an average height of 1.72 m, and

3.6 kg in a woman with an average height of 1.60 m.

Discussion

Among the populations participating in the WHO MONICA Project we found a statistically
significant inverse association between educational level and BMI in women in almost all
populations, Women with higher education were leaner than those with lower education. In
men, about one fourth of the study populations in the initial survey and about half in the final
survey also showed such a statistically significant inverse association. Only two and one
populations in the two surveys, respectively had a statistically significant positive association.
In men, the association between BMI and educational level was positive, although not
necessarily significantly so, in some Eastern and Central Buropean populations and in Beijing.
In women, no clear geographical pattern emerged. The difference in BMI between the
educational levels was bigger in women than in men. In addition, in about two thirds of the
populations the difference in mean BMI between the highest and the lowest educational level
increased during the 10-year study period.

We investigated whether the association between educational level and BMI was related
1o the prevalence of obesity in the population, Because the range of educational levels was
narrower in some populations than others, we also looked at whether the association between
educational level and BMI was related to the variation in educational levels in the population.
Furthermore, because smoking behaviour is known to be associated both with socio-economic
status 2% and relative body weight ***’, we assessed the effect of smoking on the association
between educational level and BMI,

In men, the association between educational level and BMI seemed to be related to the
prevalence of obesity in the population, although this was statistically significant in the final

survey only. In populations where obesity was relatively common, subjects with higher
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education were leaner than those with lower education, whereas in populations with a low
prevalence of obesity higher education was associated with high BMI. This is in agreement
with the studies where an inverse association between the educational level and relative
weight has been found in affluent societies with usually higher prevalences of overweight,
whereas a positive association has been found in poorer societics '°. Also, in men, the
association between educational level and BMI was positive, although not necessarily
statistically significantly so, in some Eastern and Central European populations and in Beijing
which are less affluent than the other MONICA populations. In women, the association
between educational level and BMI did not depend on the prevalence of obesity in the
population but was related to the differential in years of schooling between the educational
levels, although this correlation was rather weak, Only a small part of the variation in the
BMI-cducation relationship among the populations was, however, explained by the
prevalence of obesity in the populations or the differential in years of schooling between the
educational levels. The prevalence of obesity explained 17% of the variation in the BMI-
education relationship between populations in men in the final survey, and the mean
difference in the cut-off points for educational tertiles explained 12% in women in the initial
survey.

We also explored whether and to what extent the possible differences in relative weight
by educational level could be explained by smoking, We found that the differences were not
explained by smoking. On the contrary, adjustment for smoking increased the differences.
This is to be expected because in low socio-economic groups smoking is more common and it
is associated with lower relative weight %', But it also implies that if subjects with low
cducation were not smoking more than subjects with high education, the socio-economic
differences in BMI would be even bigger. This can be a matter of concem for health
promotion, because the most urgent health goal is to encourage smokers to stop smoking. The
increase in the differences in BMI between educational ievels introduced by the adjustment
for smoking were, however, relatively small (about 0.1 kg/m?) suggesting that smoking has
only small effect on the BMI-education relationship,

In a majority of populations there was an increase in the difference in mean BMI
between the educational tertiles between the two surveys. Similarly diverging trends have
been reported from castern Finland over the period 1972-87 %%, and from the United States for
the period 1960-80 ***, These populations had also the largest increases in the difference in
BMI between the educational tertiles among men in our data, In general, in men there was a

trend towards inverse association and in women to a sironger inverse association. This has
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important public health implications. Because excess relative weight is associated with the
incidence of many chronic diseases such as hypertension, cardiovascular diseases and
diabetes mellitus, socio-economic differences in obesity are likely to contribute to these
inequalities in health. The inequalities in health consequences of obesity are therefore likely
to increase in many countries. Similar concerns have been raised also in studies ***%, The
increasing inequalities in heath are discordant with the WHO health policy goal ** to provide
health for all,

There are several possible explanations for the increasing differences in BMI between
the educational levels over the 10-year period observed in the study populations. Firstly, the
age group 35-44 in the final survey can have stronger inverse association between education
and BMI than the 55-64 age group in the initial survey which has moved out of the study
range of the final survey. Secondly, differences in relative body weight between educational
levels in the age groups rematning in the study (35-44 and 45-54 in the initial survey) might
have increased with advancing age. The increase in weight with age may be more pronounced
in those with low education than those with high education as suggested by some studies °'.
Finally, increasing differences in relative body weight between educational levels in all age
groups can be due to secular trends. It is possible that all these factors operate at the same
time,

We used years of schooling to measure educational level. Systematic measurement of
educational level in different populations is complicated because the educational systems of
the countries differ. The educational systems in some countries may have changed over time
and thus the educationai systems may differ even between birth cohorts within a country. The
use of age-, sex- and survey-specific tertiles in this study ensured that the results were
adjusted for educational differences between birth cohorts and changes in educational systems
within the country. The relative differences in years of schooling between the highest and the
lowest tertile can thus vary from one population to another. Therefore we investigated the
association between the mean difference of the cut-off points of years of schooling and the
difference in mean BMI between the highest and lowest educational tertile.

In this study, educational level was used as a proxy for the socio-economic status, but in
some populations income or occupation may be better measwres of an individual’s social
status **, Unfortunately, we did not have data available on the subjects’ occupation or income.
The level of urbanization of the population may modify the association between relative
weight and socio-economic status, For example, it has been suggested that in China the

relationship between obesity and income may be inverse in urban areas (as in other
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industrialized countries) but positive in rural areas **. In our study, Tamobrzeg Voivodship in
Poland, where the association between education and BMI in men was statistically
significantly positive in both surveys, is a rural population.

We only compared the mean BMI in the highest and lowest educational tertile, This may
be an oversimplification of the relationship. Some researchers have found an inverted U-
shaped relation between educational jevel and BMI, especially in men %, In our study, there
was an inverted U-shaped relationship between educational level and BMI in about one third
of the male populations in the initial survey, In men in the final survey and in women in both
surveys the number of populations showing such a pattern was smaller. The large number of
study populations and the two surveys did not allow us to present ail descriptive data for all
subgroups.

The association between socto-economic status and relative weight is a complex one.
The association is probably bidirectional, and confounded by other factors such as heredity *'.
The differences between socio-economic groups in relative weight may also reflect
differences in other risk factors such as physical activity, dietary habits, smoking and alcohol
consumption. Some studies have, however, suggested that differences in health behaviour
explain only partly the association between socio-economic status and relative weight ***°,
The differences between socio-economic groups in relative weight may also be affected by
social and cultural norms, such as what is considered as "desirable weight", which vary by
population, gender, age and the socio-economic status.

In summary, we found that low education was associated with a higher BMI in about
half of the male and in almost all female populations of the WHO MONICA Project. In
general, there was a shift towards a stronger inverse association and the differences in relative
body weight by educational level increased during the 10.year study period. Thus, socio-
economic inequality in health consequences associated with obesity may widen in many

countries, Health promotion activities should be designed and directed to decrease such

inequalitics.
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5. Body fat distribution

5.1 Waist and hip circumferences, and waist-hip ratio in 19 populations of

the WHO MONICA Project

Abstract

Objeciiver To assess differences in waist and hip circumferences and waist-hip ratio (WHR)
measured using a standard protocol among populations with different prevalences of
overweight. In addition, to quantify the associations of these anthropometric measures with age
and degree of overweight,

Design: Cross-sectional study of random population samples.

Subjects: Over 32,000 men and women aged 25-64 years from 19 (18 in women} populations
participating in the second MONICA survey from 1987-92,

Resnlts: Age standardized mean waist circumference ranged from 83 to 98 cm between
populations in men and from 78 to 91 ¢m in women. Mean hip circumnference ranged from 94 to
105 cm and from 97 to 108 cm in men and women respectively, and mean WHR from 0.87 fo
0.99 and from 0.76 tc 0.84. Together, height, BMI, age group and pepulation explained about
80% of the variance in waist circumference. BMI was the predominant determinant (77% in
men, 75% women), Similar results were obtained for hip circumference. However, height, BMI,
age group and population accounted only for 49% (men) and 30% (women) of the variation in
WHR.

Conclusion: Considerable variation in waist and hip circumferences and WHR were observed
among the study populations. Waist circumference and WHR, both of which are used as
indicators of abdominal obesity, seem to measure different aspects of human body: waist

circumference reflects mainty degree of overweight whereas WHR does not.
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Introduction

It is generally accepted that not only obesity but also the distribution of body fat is associated
with the development of several diseases. In particular abdominal obesity, indicated by a high
waist-hip ratio (WHR), has been shown to predict diseases like hypertension, coronary heart
disease, non-insulin dependent diabetes and stroke, to correlate with other éardiovascular risk
factors and to increase mortality independent of body mass . It has been suggested that this
excess risk with central obesity is primarily due to metabolic alterations caused by intra-
abdominal fat deposits ',

Different studies have shown strikingly different values of WHR in different study
populations *. These studies have usually investigated associations between WHR and other risk
factors, diseases and mortality, or described these associations in different racial groups, such as
Caucasians, Blacks 3 Mexican-Americans ¢, Chinese 7, Micronesian Nauruans ° etc. Many of
these studies have not been population-based or have only investigated a very limited age range
®. Also, different methods for measuring the circumferences have been applied. As a result,
whereas the distribution of overall obesity in different populations is well documented in the
literature !, little is known about the distributions of waist and hip circumferences and WHR
among populations in different countries and with varying degrees of overweight.

WEHR is a ratio and as a result suffers from limitations in relation to its use in statistical
analyses and in its interpretation '*'>. Recently, some reports have suggested that waist
circumference alone might be a better indicator of visceral fat accumutation and cardiovascular
risk compared to WHR 1415 Waist and hip circumferences may reflect different aspects of body
composition and distribution of fat and muscle. It is thercfore relevant to obtain insight into
population differences in these circumferences separately.

Abdominal obesity tends to increase with advancing age. Several studies have reported an
increasing WHR with age '*'%, but few '° have looked at the effect of age on waist and hip
circumferences separately. The effect of age on abdominal obesity may, however, be
confounded by the degree of overall obesity since relative weight also increases with age. This
has to be taken into account when assessing the effect of age on waist and hip circumferences
and WHR.

The main aim of this study was to describe the distributions of waist and hip circumfe-
rences and WHR in different populations and to investigate whether there were significant
differences in relation to abdominal fat distribution among these poputations, Secondly, we

attempted fo quantify the associations between waist, hip and WHR in relation to age and
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degree of overweight. We investigated these associations in 19 geographically well-defined
populations of the WHO MONICA (MONItoring trends and determinants in CArdiovascular
disease) Project which had measured waist and hip circumferences in their second cross-

_sectional survey from 1987-92.

Methods

The WHO MONICA Project was designed to measure trends in incidence and mortality from
cardiovascular disease, and to assess the extent to which these trends are related to changes in
known risk factors. The project is carried out in 39 Collaborating Centres in 26 countries with
several centres monitoring more than one study poputation. Risk factors in the WHO MONICA
Project are monitored through three independent cross-sectional population surveys 2°2!, The
surveys included random samples of at least 200 people in each gender and ten-year age group,
for the age range 35-64 years, and optionally 25-34 years. This study presents data from the
second surveys. Since waist and hip circumference measurements were optional in the second
MONICA survey, only about half of the centres measured these items. The survey periods
ranged from January 1987 to September 1992, In this study, the age range from 25 to 64 years
is considered, In Toulouse, only men were examined and it was also the only population which
did not include age group 25-34 years in the survey. In Newcastle, the age group 25-34 was
studied only in three of the five reporting units. The age group of an individual was obtained
from the sampling frante at the time of sample selection. The overall participation rates for the
populations included in the present study varied from 57% to 88%. The population sizes,
participation rates and survey periods have been described in more detait elsewhere 22,

The recommended procedures for the measurement of the anthropometric variables were
the following, Waist and hip circumferences were measured with participants standing without
heavy outer garments and with empty pockets. Waist was measured at the level midway
between the fower rib margin and the iliac crest with the participant breathing out gently. Hip
was recorded as the maximum circumference over the buttocks, Both measurements were
rounded to the nearest half cm, except in three populations (Newcastle, Gothenburg and Novi
Sad) where they were recorded to the nearest full cm.” All populations used the same
standardized methods for these measures, except the Czech Republic which measured waist at
the level of the umbilicus. Height and body weight were measured with participants standing

without shoes and heavy outer garments, Body mass index (BMI), used for assessing the degree
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of overweight, was calculated as weight divided by height squared (kg/m?). The quality of data
on waist, hip, weight and height has been centrélly evaluated in the WHO MONICA Project.
Any population with unsatisfactory quality of data or response rate lower than 50% for any of

the study ifems has been omitted from this analysis.

Statistical methods

Age standardized 10th, 50th and 90th percentiles, mean values and standard deviations of waist
and hip circumferences and WHR are given for the common age range 35-64 years in each
population. Age standardization was used to remove the distortion introduced by possible
differences in age distributions between the study populations . Age standardized mean values
were calculated using the World Standard Population ** as the reference population giving
weights 12/31, 11/31 and 8/31 for the age group specific mean values in the 10-year age groups
35-44, 45-54 and 55-64, respectively, Identical age standardized mean values can be obtained
by assigning appropriate weights for the individual data records. In this way, the standard
deviation and the percentiles of the ‘age standardized data® were also calculated. For
comparison, the age standardized median BMI and height in the population are also given.

To assess the effect of age, unadjusted means of waist and hip cireunferences and WHR
were calculated in each 10-year age group for the age range 25-64 years (35-604 in the
population which did not include the youngest age group) in each population. The difference in
mean waist, hip and WHR between the oldest and the youngest age group is given to indicate
the magnitude of the increase with age in each population. In addition, the effect of age was
investigated by regression analysis using pooled data from all populations. This was done first
by adjusting for the population only, that is assuming that the age effect was similar in all
populations but allowing the mean level (intercept) differ between populations. Next, we added
height and BMI into the model to investigate whether and to what extent the effect of age on
waist, hip and WHR was explained by height and BML

Muitiple regression analysis was also used for assessing the overall effect of height, degree
of overweight, age group and population on waist, hip and WHR. We wanted to know the
contribution of height and BMI, and how much of the remaining variance could be explained by
age group and population. Regression models were construcied by adding these explanatory
variables one by one into the model, Since BMI has been defined so that it is largely unrelated
to height, the order in which BMI and height are added into the model should make liftle
difference. Here, height was added into the model] first because it is not a modifiable variable,

and then BMI followed by age group and population. In our data, introducing BMI before
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height into the model would have decreased the proportion explained by BMI for waist
circumference by 1% while increased the proportion explained by BMI for WHR by 1-3%. The
change in the proportion explained by height would have been the opposite. Height was first
introduced as a categorical variable (for each 10 ¢m) fo check whether the association was
linear. Based on visual inspection it was detected that the association was linear, and height was
therefore treaied as a continuous variable, Likewise, BMI was modelled only with a linear
effect, because the second order term for BMI was negligible. 10-year age groups were used
instead of age in years because the effect of age was not lincar, Regression coefficients .were
~ calcutated using the general linear model (GLM) procedure of SAS statistical software »*. The
proportions of variation in waist, hip and WHR explained by the independent variables were
derived from the R-square statistics. Finally, to compare the results from the regression analysis
based on individual data to those based on population level data, we calculated Pearson
correlations between age standardized mean BMI and age standardized mean waist
circumference in men and women. These correlations were ecological where each population

presented one observation,

Results

Tables la and 1b give the age standardized percentiles, means and standard deviations for waist
and hip circumferences and WHR, the median BMI and height, and the number of observations
by population for the common age range 35-64 years in men and women respectively. Men had
higher values of waist circumference than women did whereas there was little difference in hip
circumference between men and women, Therefore, mean WIR was higher in men than in
women. In men, age standardized mean waist circumference ranged from 83 {95% confidence
interval (CI): 82.6, 84.3) cm in Beijing to 98 cm in the Czech Republic (95% CI: 97.9, 99.1)
and Halle County (95% CT: 93,7, 95.0). Mean hip circumference ranged from 94 (95% Cl: 93.7,
95.0) om in Glostrup to 105 (95% CI: 103.6, 105.6) cm in Halle County, and mean WHR from
0.87 (95% CI: 0.866, 0.877) in Beijing to 0.99 (95% CI: 0.988, 0.996) in Glostrup. In women,
age standardized mean waist circumference ranged from 78 cm in Perth (95% CL: 76.8, 78.6)
and Gothenburg (95% CI: 77.4, 78.9) to 91 (95% CIL: 89.8, 91.3) cm in the Czech Republic,
Mean hip circurnference ranged from 97 em in Glostrup (95% CI: 95.7, 97.4) and Beijing (5%
ClI: 96.0, 97.1) to 108 (95% CT: 107.0, 108.3) em in the Czech Republic, and mean WHR from
0.76 (95% CI: 0.756, 0.766) in Perth to 0.84 (95% CI: 0,835, 0.844) in the Czech Republic.
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Table la. Percentiles (10th, 50th, 20th) and mean waist, hip and waist-hip ratio (WHR), and median body mass index

CHN-BEIL
ITA-BRI
FRA-TOU
AUS-PER
FIN-KUO
SWE-GOT
FIN-TUL
ITA-FRI
FIN-NKA
GER-AUU
AUS-NEW
GER-AUR
YUG-NOS
UNK-GLA

CZE-CZE*

GER-HAC
SWE-NSW
SPA-CAT
DEN-GLO

WHR BMI  Height
Population 10th 50th $0th Mean SD 10th 50th soth Mean ED 10th 50th 90th Mean SD 50th 50tk
70 B84 97 83 10.1 :3-} 95 104 95 6.3 .79 -87 .96 .87 .064 23.9 168
79 21 104 o1 9.4 83 100 111 103 7.4 .82 .90 -98 .90 .065 26.0 170
al 23 106 93 10.4 55 103 111 103 7.3 .83 .91 .97 .90 .059 25.8 172
81 g2 105 92 3.6 95 1e2 108 102 6.1 .83 .91 .98 .91 .058 26.3 175
81 93 10e g3 8.9 95 102 110 lo2 6.0 .83 .91 :.00 .81 .062 26.7 173
8l 52 103 92 8.8 93 100 108 100 6.1 .85 L G1 .59 .52 .054 25.3 178
82 54 107 94 10.0 95 103 111 102 6.5 .84 .91 1.00 .52 .060 26.8 175
81 9z 105 93 9.8 922 100 103 100 7.0 .85 -82 .99 .82 .063 26.5 172
81 94 108 94 11.0 95 102 111 1032 6.8 .84 -%2 1.00 .52 .064 26.9 173
82 94 107 85 10.2 85 103 11¢ 103 6.6 .84 .92 1.00 .92 .063 26.5 175
83 94 108 5 10.1 94 102 111 103 7.4 .86 .93 .99 .92 .054 26.8 173
84 95 108 S8 8.8 94 103 112 103 7.2 .85 .93 1.00 .93 .058 27.2 174
80 93 108 54 10.7 90 100 110 100 8.2 .86 .93 1.01 .83 .059 26.4 174
80 94 102 94 12.2 92 100 110 101 8.0 .85 .93 1.02 .54 .080 26.0 171
85 98 112 98 10.7 95 104 114 104 7.8 .B7 .94 1.02 .94 .062 27.6 174
85 97 112 98 11.0 86 104 113 105 8.2 .87 .94 1.00 .94 .053 27.1 173
81 92 104 92 8.8 51 98 106 98 5.7 .88 .94 1.01 .94 .054 25.8 175
85 85 108 96 9.4 o1 29 107 99 6.7 .50 .97 1.03 .87 .0590 26.8 168
82 93 106 94 10.3 85 S4 104 94 8.3 .92 .99 1.05 .99 .050 25.5 176

WAIST (cm)

HIP (cm)

* walst circumference measured at the -level of umbilicus

(BMI, kg/m?) and height (cm} in 19 male populations in the second MONICA survey, age-standardized values
for age group 35-64 years. Populations are listed in ascending order by mean WHR.

N

530
582
580
632
576
620
551
685

1os9

658
876
8ls
559
568

1035

292
600

1325

568



Table 1b. Percentiles (10th, 50th, 90th) and mean waist, hip and waist-hip ratio (WHR), and median body mass index

AUS-PER
SWE-GOT
FIN-TUL
FIN-KUJO
FIN-NKA
UNK-GLA
LUS-NEW
GER-AUU
GER-AUR
ITA-BRI
SWE~NSW
DEN-GLO
CHN-BEI
GER-HAC
ITA-FRI
YUG-NOS
SPA-CAT

CZE-CZE~*

(BMY, kg/m’) and height (cm) in 18 female populations in the second MONICA survey, age-standardized values
for age group 35-64 years. Populations are listed in ascending order by mean WHR.

WAIST (cm) HIP {cm) WHR Height
population 10th 50th $oth Mean SD 10th 50th 90th Mean 10tk 50th 90th Mean 8D so0th N
67 76 22 78 10.6 52 100 114 102 9.4 .76 .84 .060 161 640
67 76 91 78 10.2 91 g9 1iz2 100 8.1 77 .86 .061 165 622
68 79 96 81 11.3 83 101 115 103 8.9 .78 .86 . 064 162 589
69 78 97 81 1l.4 93 102 114 103 9.2 .78 -86 -059 160 626
69 80 87 81 11.3 93 102 116 103 9.4 .79 .87 . 060 160 1199
68 80 SS9 82 13.0 0 101 117 102 11.7 .78 .89 -067 158 634
31 80 102 83 13.9 90 102 117 103 11.4 .78 .91 .075 160 673
68 80 c8 82 11.5 50 100 115 101 10.1 .80 .89 -061 162 685
70 80 98 82 11.3 90 100 115 102 10.5 .80 .88 .0589 161 831
67 78 o7 80 11.7 88 98 112 29 9.6 .80 .90 -068 157 606
69 78 95 8¢ 10.9 50 98 110 99 8.8 .80 .89 .056 163 610
68 77 9z 79 10.4 85 o5 109 57 10.3 .82 .82 -061 164 565
67 79 94 g0 10.2 88 26 106 97 7.2 .82 .91 .068 156 £80
7L 85 104 86 12.8 91 104 120 105 11.9 .82 -90 .089 160 365
69 81 29 83 12.3 g0 100 112 101 9.9 .82 .92 .076 160 698
70 B84 101 85 12.5 90 102 116 103 10.9 .B2 .89 .0589 150 558
74 86 101 87 10.4 84 104 118 104 8.7 .83 .91 061 155 779
74 89 110 1 13.7 S4 106 124 108 11.4 -83 .84 .074 161 1068

* walst circumference measured at the level of umbilicus



WHR and especially waist circumnference was higher in populations where the median BMI was
relatively high compared to other populations, although this was more pronounced in women
than in men, The mean values were similar to the medians (50th percentile), except for waist
and hip circumferences in women where the distributions were slightly positively skewed.

Next, we calculated the mean values for waist and hip circumferences and WHR by 10-
year age groups in each population. Tables 2a and 2b give the mean values in age group 25-34
and the difference in means between the oldest and the youngest age group. In general, all the
measures increased with age. The measure which showed the smallest increase with age was
hip circumference in men, In women, the effect of age on waist circumference was stronger in
the Czech Republic, Friuli and Novi Sad than in the other populations, Figure 1 shows the
population adjusted increase in waist circumference by age with and without adjustment for
BMI and height. In wornen, the crude effect of age on waist was linear. The increase in waist
circumference with age attenuated when adjusted for BMI and height, Because height
contributed only a little to this attenuation compared with BMLI, it can be concluded that a
considerable proportion of the increase in waist by age is explained by increasing BMI,
especially in women. Stili, there remained a significant (p-value <0.001) increase in waist (over
4 cm in men and women) which was not due to height or BMI Figwe 2 gives the
corresponding effect of age on WHR. The increase in WHR with age was more pronounced in
the younger age groups in men whereas it was more pronounced in the older age groups in
wornen. The difference in the effect of age on WHR between sexes was statistically significant
(p-value for interaction term between sex and age group <0.001).

Both height and BMI were positively associated with waist circumference. The results of
the regression analyses revealed that height accounted for very little (1% in men and less than
1% in women) of the variation in waist circumference whereas BMI accounted for about three
quarters (Figure 3a). Age group and population explained an additional 5% or less. Jointly,
height, BMI, age group and population explained 83% of the variation in waist circumference in
men and 79% in women, Waist increased by 0.3 cm {s.e. 0.005 in men and 0.007 in women) for
each cm of height in both sexes and by 2.4 cm (s.e. 0.01) in men and 2.1 cm (s.¢. 0.01) in
women for each kg/m” of BML

The results were fairly similar for hip as for waist circumference (Figure 3b). BMI
accounted for 64% and 81% of the variance in men and women respectively. In men, height and
population explained more than they did of waist circumference. Age had no independent effect

on hip circumnference. Height and BMI explained, however, considerably less of the variation in
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Table 2a. Mean waist and hip circumference and waist hip ratioc (WHR) in age group 25-34 and difference in means

between age groups 55-64 and 25-34 (increase with age) in 1% male populations in second MONICA survey. Populations
are listed in ascending order by mean WHR at age 25-34.

Waist (cm) Hip (cm) WHR
AL Increase At Increase At Increase

Popula- 25-34 with 25-34 with 25-34 with Total

tion years s.e. age s.e. years s.e. age 5.e. years s.e. age s.e. N

CHN-BEI TG 0.8 7 1.1 53 .5 3 0.7 .84 ,005 .05 .007 699
GER-AUU 86 0.7 11 0.9 101 0.5 3 0.7 .86 .004 .08 .006 862
ITA-BRI 85 0.7 8 6.9 99 0.5 3 0.8 .86 .006 .05 .007 737
AUS-PER 86 0.7 8 1.2 99 0.6 3 0.8 .86 .004 .06 .007 B15
UNK-GLA Be 0.9 10 1.2 59 0.5 2 0.8 .86 .005 .0% .007 707
FIN-TUL 87 0.7 11 1.0 100 0.6 5 0.7 .87 .0C4 .07 .0086 720
GER~AUR 88 0.6 11 0.8 101 0.4 4 0.6 .87 .004 .07 .003 1679
FIN-KUO 87 0.8 8 1.1 100 0.5 2 0.7 .87 .004 .06 .0086 741
FIN-NKA 87 0.5 El 0.8 100 0.4 4 0.5 .87 .003 .35 005 1425
SWE-GOT 87 0.7 3] 0.2 100 0.5 1 0.7 .88 .004 .05 .00s 775
ITA-FRI g6 0.7 7 1.0 98 0.5 2 0.7 .88 .004 .06 .007 896
FRA-TQU** 90 Q.7 7 1.0 102 0.5 3 0.7 .89 .004 .04 .006 580
AUS-NEW 89 1.4 8 1.5 1400 0.9 4 1.9 .89 .008 .04 .008 747
YUG-NOS 86 0.7 9 1.0 27 0.6 4 .8 .89 .005 .05  .006 778
GER-HAC 91 1.0 8 1.2 101 0.7 3 1.0 .90 .0038 .04 007 401
SWE-NSW 88 0.7 & 1.0 a7 0.5 1 0.7 .90 .004 .05  .00s 761
CZE-CZE™* 52 0.5 11 0.8 101 0.4 H 0.6 .91 .003 .05 .004 1356
SPA-CAT Sl 0.5 8 0.6 99 0.3 1 0.4 .92 Q03 .07 .003 1719
DEN-GLO 87 0.7 8 1.0 20 0.6 7 0.9 .98 .003 .03 .003 740

* Walst circumference was measured at the level of umbilicus.
** Mean at 35-44 years and difference between age groups 55-64 and 35-44.



Table 2b. Mean waist and hip circumference and waist hip ratio (WHR} in age group 25-34 and difference in means
between age groups 55-64 and 25-24 {increase with age) in 18 female populations in second MONICA survey. Populations
are listed in ascending order by mean WHR at age 25-34.

Waist (cm)} Hip (cm) WHR
AL Increase At Increasge At Increage

Popula- 25-34 with 25-34 with . 25-34 with Total

tion years S.€. age s.e. years s.e. age s.e. years s.e. age 3s.e. N

AUS-PER 73 0.8 7 1.3 99 0.7 3 1.1 .74 .005 .05 .007 822
SWE-GOT 73 0.7 g 1.0 a7 0.6 5 0.8 .78  .005 .04 .007 772
FIN-KUO 76 0.7 19 1.0 29 0.6 6 0.9 -76  .0c4 .05 .005 803
FIN-NKA T4 0.5 12 0.8 97 0.4 9 0.6 .76 .003 .05 .004 1563
FIN-TUL 75 0.7 10 1.1 58 0.6 8 0.9 .76 .004 .04 .007 778
GER~AUU 73 0.7 13 1.0 2] 0.7 9 0.9 .76 004 .07 .00s8 86l
ITA-FRI 73 0.6 15 1.1 95 0.3 8 0.9 -77 .005 .08 L0007 894
CHN-BET 72 0.7 12 0.9 24 0.5 3 0.7 .77 .005 .10 .006 859
GER-AUR 74 0.6 14 0.9 97 6.7 2 0.9 .77  .003 .06 .005 1082
UNK-GLA 76 0.9 9 1.2 99 0.8 5 1.1 .77  .005 .05 Q07 781
ITA-BRI 74 0.8 13 1.2 95 0.7 8 1.0 .78 .005 .06 .007 753
SPA-CAT 77 0.5 15 0.8 99 0.4 8 0.7 .78  .003 .08 .005 1191
AUS-NEW T 1.4 9 1.6 98 1.3 7 1.5 .79 .008% -04 .010 757
YUG-NOS 73 v.5 18 1.1 92 0.6 15 1.0 .79 .004 .06  .006 791
GER-HAC 72 1.2 1z 1.7 99 1.1 10 1.6 .80 .005 .04 .008 480
SWE-NSW 76 0.8 7 1.1 95 0.6 <3 6.9 .80 .004 .02 .008 791
CZE-CZE* 80 0.8 16 1.0 $9 0.5 13 0.8 .81 .004 .05 .005 1410
DEN-GLO 76 0.7 6 1.2 92 0.8 8 1.1 .82 .004 .00 .C0s6 735

* Waist circumference was measured at the level of umbilicus.



Figure I, Effect of age on waist circumference. Unadjusted (adjusted only for population)
and adjusted (for population, height and body mass index) increase in waist eircumference
compared with the age group 25-34 years in pooled data from 19 male and 18 female
populations in the second MONICA survey.

L= O - B - IR VI - .

3544 45-54 S5

Men Women

8 Unadjusted: adjusied for population only
Bl Adjusted: agjusted for population, haight and BMI

Figure 2, Effect of age on waist-hip ratio. Unadjusted (adjusted only for population) and
adjusted (for population, height and body mass index)} increase in waisi-hip ratio compared
with the age group 25-34 years in pooled data from 19 male and 18 female populations in the
second MONICA survey.
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WHR than in waist circumference, especially among women (Figure 3c). The variation
explained by height and BMI together was 32% and 21% for men and women respectively. The
proportion explained by population was higher for WHR (13% and 7%) than it was for waist
and hip circumferences,

Because one study population (Glostrup) emerged as an outlier in analyses of hip
circumference and consequently in analyses of WHR, we calculated the proportions of the
variance explained of these measurements excluding this population. In men, the proportion of
hip circumference explained by height (7%) and BMI (65%) increased slightly and the
proportion explained by population (2%) decreased considerably when this population was
excluded. The same concems the proportions explained in WHR (height 2%, BMI 34%, age
group 4% and population 7%). In women, the exclusion of this population had very little effect.
Since one population (Czech Republic) measured waist at the level of umbilicus, we also
| carried out the analyses of waist and WHR excluding this population. This changed the
proportions explained by height, BMI, population and age group at most by 1%.

The eccological comrelations between the age standardized mean BMI and waist
circumference was 0.88 for men and 0.85 for women, The variation explained by BMI in waist
was thus about the same in the populations level analysis (77% in men, 73% in women) as in

the individual level analysis (77% in men, 75% in women).

Discussion

Among 19 populations participating in the WHO MONICA Project considerable variation in
the distributions of waist and hip circumferences and WHR was observed, The population-
specific factors other than the included anthropometric parameters explained, however, only
13% or less of the variation in these measures. This small percentage includes both
methodological variation and 'true’ differences between populations, The major determinant of
waist and hip circumferences is degree of overweight which alone explains about three quarters
of the variation. The relation between age and waist circumference was not linear, neither
before nor after adjusting for degree of overweight (except in women before adjustnent). The
age-relation also differed by gender: in men the increase in waist circumference was more

pronounced in the younger age groups whereas in women it was more pronounced in the older

age groups.
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Figure 3a. Proportion of variance in waist circumference explained hv height, hody mass index, age group and population (in this order).

Pooled data from 19 male and 18 female populations aged 25-64 years in the second MONICA survey.
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Figure 3b. Proportion of variance in hip circumference explained by height, body mass index, age group and population (in this order). Pooled

data from 19 male and 18 female populations aged 25-64 years in the second MONICA survey.
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Figure 3c. Proportion of variance in waist-hip ratio explained by height, body mass index, age group and population (in this order). Pooled data

from 19 male and 18 female populations aged 25-64 years in the second MONICA survey.
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Because data on waist and hip circumferences and WHR representative of the general
population and comparable between populations with varying prevalences of overweight are not
available in the literature, the first aim of this study was to describe the distributions of these
measurements among the 19 study populations and to investigate whether there are significant
differences in abdominal fat distribution between the populations. Some of the populations did
indeed show striking differences in fat distribution measured by waist and hip circumferences,
and WHR. Men in Beijing had low mean waist and hip circumferences and also WHR when
compared with other male populations, whereas men in Catalonia had relatively high mean
WHR and waist circumference but relatively low hip circumference compared with the other
populations. Men in Glostrup had the lowest mean hip circumference and the highest WHR. In
women, the Czech Republic had the highest values for waist and hip circumferences, and for
WHR. Women in Perth had lower mean WHR than the other female populations and also a
relatively low waist circumference. The difference between populations with the highest and
lowest age standardized mean value was 13-15 e for waist and 11 em for hip circumference.

In some populations men and women showed similar patterns in abdominal body shape
whereas in others they did not, For example, in the Czech Republic, where both sexes have
relfatively high median BMI compared to other populations, both men and women had high
mean waist and hip circumferences and WHR. In contrast, in Beijing, where both men and
women are lean, men had low values of hip and even more pronouncedly low waist, and
therefore a low WHR. Women had small hip circumference but waist was not smaller than
elsewhere. Thus, the WHR of women in Beijing was refatively high and similar to that of the
Southern European women.

For assessing the true differences between populations in body girth measurements, it is
crucial that the methods are standardized across populations, since small differences in the
anatomical measurement levels can result in very different results *°. The measurement
techniques and the anatomical levels where the actual measurements have been recorded have
varied considerably in previously published studies, especially the way the waist circumference
was defined. Thus, it has been difficult to judge to what extent these circumferences and WHR
really differ between populations. In the WHO MONICA Project the measurements were based
on standardized instructions and the quality of data of these measurements has been centratly
assessed. In spite of this, there can still be some variation between the centres e.g. due to
between-observer variation. Some studies ~’ have reported very high between-observer
correfations for waist and hip measurements. Unfortunately it is not possible to assess the

magnitude of this effect in this study, One population (Glostrup} was an outlier conceming hip
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circumference and WHR values, especially among men, even though they applied the standard
measurement technique. This may be one example of such between-observer variations. The
fact that the Czech Republic measured waist circumference at the level of the umbilicus may
have produced results at the higher end of the distribution and they are therefore not directly
comparable to those of the other populations. But because it also had the highest values in hip
circumference, for which the measurement lovel was standard, its relative position among the
populations is probably justified and only the absolute values for mean waist and WHR may be
somewhat overestimated.

The second aim of this study was to assess the effect of degree of overweight and age on
waist and hip circumferences and WHR. Our findings confirm those of Shimokata et al, 12 that
waist circumference and WHR increase with age independently of the increase in BMI. Hip
circumference increased as well but to a lesser degree, especially in men. The increase in
abdominal fat seems to take place earlier in life in men than in women, There were also
differences between the populations with respect to the magnitude of the increase by age. In
some study populations among women (the Czech Repubtlie, Friuli and Novi Sad) the effect of
age on waist was stronger than in other populations, but this could be explained by a bigger
inerease in weight with advancing age. In general, about half of the increase with age in waist
circumference in men and in WHR in men and women, and as much as three quarters of the
increase in waist with age in women, could be explained by increasing degree of overweight.

Many other factors, including behavioural, demographic and genetic factors, have been
suggested as being linked with abdominal obesity. Behavioural factors such as cigareite
smoking (positively) and physical exercise (inversely) have been found to be associated with
central obesity 7%, Most of the studies which have assessed the effect of these factors have
used WHR to measure abdominal obesity. For example, Marti et al. % found that jointly,
physical exercise, resting heart rate, alcohol consunption, education and age explained 18% of
the variation in WHR in Finnish men while age was the strongest determinant. Laws et al, »
could explain 21% of the variation in WHR in men and 16% in women by age, BM], alcohol
consumption, cigareties smoked per day and exercise (as dichotomous vardable). Our findings
are more in keeping with those of Haffner et al. © who could explain 27% and 13% of the
variation in WHR by BMI in men and women respectively, and 10% by age, and those of Jones
et al. *® who could explain 47% of the variation in WHR by BMI and age in men. The lack of
substantial behavioural effects have led some investigators to suggest that body fat distribution
might primarily be under genetic control 6, Genetic epidemiologists have, however, argued that

biological inheritance accounts for only a small part of the variation in fat distribution 3031
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The proportion: of variation in WHR explained jointly by height, BMI, age group and
population was 49% in men and 30% in women. This is in agreement with the findings of other
studies *'® and reinforces the fact that WHR is difficult to interpret biologically. While waist
circumference measures predominantly abdominal - both intra-abdominal and subcutaneous -
fat, hip circumference can reflect many different aspects of body size, such as body frame,
muscles and subcutaneous fat. When these two measures are combined as a ratio, any individual
value of WHR can be heterogencous regarding waist and hip circumference and also regarding
the amount of intra-abdorninal fat for which WHR is used as a proxy.

In this study, the proportion of variation explained by BMI was very high for waist
circumference (77% in men, 75% in women) but only moderate for WHR (31% in men, 18% in
women). The latter is natural because if two measures, which are both predominantly explained
by BMI, are combined as a ratio, the proportion explained by BMI is far less for the ratio than
for the individual variables, Although waist circumference and WHR are both used as indicators
of abdominal obesity, they seem to measure different aspects of human body: waist
circumference reflects mainly degree of overweight whereas WHR does not.

Even though the results for hip circumference were fairly similar to those for waist
circumference, hip circomference seems to measure slightly different things in men and women,
While in women it reflects mainly body fat (81% explained by BMI), in men it also seems to
reflect body structure (6 % explained by height).

Some investigators have argued that waist/height ratio show stronger associations with
intra-abdominal fat ** and cardiovascular risk factors ** than waist circumference. In the present
study as well as in others 3 there was almost no association between height and waist
circumference, The interpretation of the waist/height ratio is complex because it may refiect
variation in waist and i stature. For these reasons we did not calculate waist/height ratios in this
study.

In summary, we found considerable variation in waist and hip circumferences and WHR
among the 19 MONICA populations. The predominant determinant of waist circumference was
degree of overweight, while most of the variation in WHR remained unexplained by

demographic and anthropometric variables,
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5.2 Varying sensitivity of waist action levels to identify subjects with
overweight or obesity in 19 populations of the WHO MONICA Project

Abstract

Objective: 1 has been suggested in the literature that cut-off points based on waist
circumference (waist action levels) should replace cut-off points based on body mass index
(BMI) and waist-hip ratio in identifying subjects with overweight or obesity. In this paper we
examined the sensitivity and specificity of the cut-off points when applied to 19 populations
with widely different prevalences of overweight.

Design: Cross-sectional study based on random population samples,

Subjects: 32,978 subjects aged 25-64 years from 19 male and 18 female populations
participating in the second MONICA survey from 1987-92.

Results: At waist action fevel | (waist circumference 294 ¢m in men and 280 ¢m in women),
sensitivity varied between 40% and 80% in men and between 51% and 86% in women behween
populations when compared with the cut-off points based on BMI (225 kg/m?) and waist-hip
ratio (=0.95 for men, 20.80 for women). Specificity was high (290%) in all populations. At
waist action level 2 (waist circumference 2102 cm and 288 cm in men and women respectively,
BMI=30 kg/m?), sensitivity varied from 22% to 64% in men and from 26% to 67% in women,
whereas specificity was >95% in all popwlations, Sensitivity was in general lowest in
populations where overweight was relatively uncommon, whereas it was highest in populations

with relatively high prevalence of overweight.

Conclusion: We propose that cut-off points based on waist circumference as a replacement
for cut-off points based on BMI and waist-hip ratio should be viewed with caution. On the
basis of the proposed waist action levels very few people would unnecessarily be advised to
havc.: weight managemnent, but a varying proportion of those who would need it might be

missed, The optimal screening cut-off points for waist circumference may be population-

specific,
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Introduction

A centrai distribution of body fat, indicated by a high waist-hip ratio, has been shown to be
associated with other risk factors, many chronic diseases (e.g. hypertension, cardiovascular
disease, non-insulin-dependent diabetes, stroke) and mortality !, Other measures, such as
waist-height ratio > have also been recommended for the measurement of fat distribution.
These indices do, however, suffer from serious limitations in relation to their use in statistical
analyses and to the interpretation of the results *,

More recently it has been argued that waist circumference alone might convey equally
valid information as waist-hip ratio and BMI in measuring abdominal fat 7 and be at Ieast as
strongly associated with other risk factors ®. If this were the case, the use of this single
measurement would simplify the interpretation of epidemiological data as well as the public
health recommendations relating to weight management. Lean et al. ” have suggested two
action levels for waist circumference based on BMI and waist-hip ratio, According to their
results, men with waist circumference >94 ¢m and women with waist circumference >80 cm
should gain no further weight (waist action level 1), and men with waist circumference =102
em and women with waist circumference 288 om should reduce their weight (waist action
level 2). These action levels have been tested in British 7 and Dutch ® populations in which
very high sensitivities and specificities, in relation to cut-off points based on BMI and waist-
hip ratio, were observed, However, for example Ko ef al. ° observed a very low sensitivity of
waist action level 1 in the lean population of Hong Kong Chinese. The applicability of the
proposed action levels in other populations remains to be shown, We tested their performance
in 19 WHO MONICA populations participating in the second MONICA survey from 1987-

92, for which data on waist circumference were available,

Methods

The WHO MONICA Project was designed to measure trends in incidence and mortality from
cardiovascular disease, and to assess the extent to which these trends are related fo changes in
known risk factors. The project is carried out in 39 Collaborating Centres in 26 countries with
several cenfres monitoring more than one study popufation. Risk factors in the WHO

MONICA Project are monitored through three independent cross-sectional popuiation surveys
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111 The surveys included random samples of at least 200 people in each gender and ten-year
age group, for the age range 35-64 years, and optionally 25-34 years, In this study we present
data from the second surveys for the entire age range (25-64 years). Since waist and hip

. circumference measurements were optional in the second MONICA survey, only about haif of
the centres measured these items. The survey periods ranged from January 1987 to September
1992, In Toulouse, only men in the age range 35-64 years were examined. The overall
parlicipation rates for the populations included in the present study varied from 57% to 88%.
The population sizes, participation rates and survey periods have been described in more
detail elsewhere '2,

Standared recommendations for the anthropometric measurements in MONICA were as
follows. Waist circumference was measured with participants standing without heavy outer
garments and with emptied pockets. Waist was measured at the level midway between the
lower rib margin and the iliac crest with the participant breathing out gently. The
measuremeﬁt was rounded to the nearest half cm, exeept in three populations (Newcastle,
Gothenburg and Novi Sad} where it was recorded to the nearest full cm. All populations used
the same standardized methods, except the Czech Republic where the waist circumference
was measured at the level of umbilicus, The quality of data on waist has been centrally
assessed in the WHO MONICA Project. Any population with unsatisfactory data quality or a
response rate lower than 50% has been omitted from this study. Height and body weight were
measured with participants standing without shoes and heavy outer garments. Body mass
index (BMI) was calculated as weight divided by height squared (kg/m?), Hip was recorded as
the maximum circumference over the buttocks.

To assess the applicability of the waist action levels in MONICA populations, we
calculated the sensitivity and specificity of these levels in each population vsing the same cut-
off points for BMI and waist-hip ratio as Lean et al, ' Sensitivity was calculated as true
positives over the sum of true positives and false negatives. Specificity was calculated as true
negatives over the sum of true negatives and false positives. "True positive" subjects were
those with waist above the specified waist action level and either high BMI or low BMI with
high waist-hip ratio. High BMI was defined as BML=25 kg/m® (at action level 1} and BME>30
kg/m® (at action level 2). High waist-hip ratio was defined as 0.95 for men and 0.80 for
wortnen at both action levels. "True negative” subjects were those with waist circumference
below the action level and low BMI and low waist-hip ratio. "False negatives” were those
with waist circumference below the action level but high BMI er high waist-hip ratio. Our

definition of true and false negatives is therefore different from that used by Lean et al. The
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main difference was that Lean et al. considered subjects with only high BMI or only high
waist-hip ratio as "true negatives" if they had waist below the action level, whereas they
considered them as "true positives" if they had waist above the action level {see Table 1). This
means, however, that they used different criteria of disease (need of weight management) for
those with waist above the action level (high BMI or high waist-hip ratio) than for those with
waist below the action level (high BMI and high waist-hip ratio). We considered subjects
with only high BMI or only high waist-hip ratio as "false negatives" if they had waist below
the action level and as "true positives" if they had waist above the action level, Our definition
is therefore in accordance with the generally acknowledged definition of sensitivity and
specificity in which all those with a marker of abnormality (high BMI or high waist-hip ratio
or both) are regarded as true cases (in need of weight management) irrespective of their
response to the test (waist circumference). "False positives” were those with waist

circumference above the action level but low BMI and low waist-hip ratio.

Table 1, Definitions of true positives (TP), false positives (FP), true negatives (TN} and false
negatives (FN} used by Lean et al. (a) and in this study (b) to identify subjects with
overweight or obesity using waist civcumference in comparison with body mass index (BMI)
and waist-hip ratio (WHR).

a. Lean etal. ’ Low BMI High BMI

Low WHR High WHR Low WHR High WHR
Low waist TN TIN* TN* FN
High waist FP TP TP TP
b. This study Low BMI High BMI

Low WHR High WHR Low WHR High WHR
Low waist TN FN* FN* FN
High waist FP TP TP TP

* Difference in definitions.

The significance of the differences in sensitivity among the populations was tested by chi
square. This was based on the linear hypothesis of the equality of the sensitivities under the
assumpiion that the estimates of sensitivity are approximately nommally distributed with

known variances. The squares of the standard errors of the estimates of sensitivity were used
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as the variances. In addition, because sensitivity appeared to be higher in populations with
higher prevalences of overweight, we calculated Pearson correlation coefficients between
sensitivity and prevalence of overweight (at action level 1) and obesity (at action level 2).

In addition to investigating sensitivity and specificity, we compared two definitions of
ovenweight: one based on BMI (225 kg/m?) and another on waist circumference (294 cm in
men, >80 cm in women). Similarly, obesity was defined both as BMI 230 kg/m” (in men and
women) and waist circumference 2102 cm in men, 288 cm in women. Unweighted

prevalences of overweight and obesity were calculated using both definitions.

Results

Waist action level 1
Excluding Glostrup which had a very different pattern from all other study populations due to

very narrow hip circumference and high waist-hip ratio, there were very few subjects with
both high waist-hip ratio and high BMI (ranging from less than 1% to 9%) among those who
had waist below the action level. Accordingly, there were very few subjects with both low
waist-hip ratio and low BMI (range 1-5%) among those who had waist above the action level,
In men, the proportion of subjects with waist below the action level and high BMI but low
waist-hip ratio was considerable and varied from 21% in Catalonia to 41% in Newcastle and
Augsburg (rural). In women, the pattern of the above-mentioned proportions was more
variable and less consistent across the populations, (Tables and figures for waist action fevel 1
are not shown, a full set of tables and figures is available on request.)

The prevalence of overweight varied considerably among populations whether defined
by waist circumference (294 cm for men, 280 ¢cm for women) or by BMI (=25 kg/m2 for both
men and women). In men especially, the difference between the prevalences using the two
definitions in several populations was 20% or more with BMI giving higher prevalences of
overweight than waist circumference. In women, the two definitions gave more consistent
results with the maximum difference of 10% (Kuopio Province). Furthermore, in women
there was no gonsistency regarding which of the two definitions gave a higher prevalence of
overweight.

Specificity of waist action level 1 was very high in alt populations, ranging from 90% to

100%. Sensitivity was low and ranged from 40% in Beijing to 80% in Halle County in men.
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In women, sensitivity was somewhat higher than in men, ranging from 51% in Glostrup to
86% in Czech Republic. The differences in sensitivity among the study populations were

statistically significant (p-value < 0.001) both in men and women.

Waist action level 2
Tables 2a and 2b show the proportions of different categories of waist-hip ratio and BMI by

waist action level 2 in men and women, respectively. In atl populations most of those who had
waist circumference below the action level also had a low waist-hip ratic and BMI. The
proportion of subjects with low waist circumnference but both high waist-hip ratio and high
BMI was very low (ranging from less than 1% to 3%). Subjects who had a high waist
circumference were more evenly distributed among those who had either high waist-hip ratio,
high BMI or both (men) or among those who had high waist-hip ratio (women). Again
Glostrup had a different pattern from other study populations, although less strikingly so than
at action level 1. Among those with low waist circumference the proportion of subjects with
only high BMI was small (less than 5% in all populations), but the proportion of subjects with
only high waist-hip ratio varied considerebly among populations (from 7% in Beijing to 74%
in Glostrup in men, and from 12% in Perth to 58% in Glostrup in women).

The prevalence of obesity defined by waist circumference (2102 ¢cm for men, 288 cm
for women) gave relatively similar results as those estimated with BMI (230 kg/m? for both
men and women) in most male populations, and only four populations (Czech Republic,
Glostrup, Catalonia and Glasgow) showed more than 5% difference between the two
definitions. Most female populations, however, showed more than 5% differences and seven
populations (Newcastle, Beifing, Czech Republic, Augsburg (urban), Halle County, Friuli and
Catalonia) showed 10% difference or more in prevalence estimates of obesity between the
two definitions. When the two estimates did not agree, the prevalence of obesity was higher
when defined by waist than by BMI.

Figures 1a and 1b give the sensitivities and specificities at waist action level 2 to detect
obesity measured by waist-hip ratio and BMI by populaticn in men and women, respectively.
Specificity was very high, over 5% in all populations, whereas sensitivity varied markedly
across the populations. In men sensitivity ranged from 22% in Glostrup to 64% in Halle
County, and in women from 26% in Glostrup to 67% in the Czech Republic. Also at waist
action level 2, there were statistically significant differences (p-value < 0.001} in sensitivity

among the study populations in both genders.
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Table 2a. Proportions of different categories of waist-hip ratio and body mass index by waist action level and
unadjusted prevalence of obesity measured by waist circumference and BMI, Second MONICA survey, men aged

25-64 years.
ACTION LEVEL 2
MEN Low BMI High BMI Prevalence (%) of  Total
Low WHR High WHR Low WHR High WHR obesity defined N
(%) ! (%) (%) (%) as waist  as BMI

Population >102¢em 230kg/m2

AUS-NEW waist<102 81 14 4 I 24 20 744
waist=102 7 26 18 48

AUS-PER waist<102 86 10 3 1 15 14 815
waist=102 6 27 17 50

CHN-BEI waist<102 92 7 2 0.2 4 4 707
waist>102 0 47 19 43

CZE-CZE waist<102 71 23 3 2 32 25 1356
waist>102 8 27 15 51

DEN-GLO waist<102 25 74 0 1 18 11 740
waist2]102 0] 47 2 52

FIN-KUQ waist<102 84 12 3 i 16 16 761
waist2102 7 20 8 55

FIN-NKA waist<102 84 11 4 I 19 19 1447
waistz 102 4 20 13 63

FIN-TUL waist<t(2 84 12 3 2 13 16 731
waistz102 7 24 14 55

FRA-TOU'  waist<102 87 [0 2 0.4 19 12 580
waist>102 15 31 18 37

GER-AUR waist<102 9 16 4 2 21 18 1678
waist=102 8 26 14 52

GER-AUU waist<102 84 13 3 0.1 19 15 864
waistz102 8 30 12 50

GER-HAC waist<1(2 81 17 2 1 29 18 401
waist=102 14 30 10 45

ITA-BRI waist<102 85 10 2 2 11 12 760
waist=102 6 28 20 46

ITA-FRI waist<i02 T8 17 3 1 15 15 910
waist2102 5 22 15 58

SPA-CAT waist<102 51 47 1 2 23 17 1731
waistz102 I 36 3 39

SWE-GOT waist<102 85 13 [ 1 12 9 785
waist2102 3 31 17 45

SWE-NSW waist<i02 6% 27 2 1 13 11 713
waist=102 3 36 3 56

UNK-GLA waist<102 77 21 1 1 22 14 717
waistz102 5 37 8 51

YUG-NOS waist<102 73 24 2 1 17 15 780
waist>102 6 23 12 59

" Age group 35-64 years,

'Key:

Low WHR= waist-hip ratic < 0,95
Low BMI = body mass index < 30 kg/m’
High WHR = waist-hip ratio = 0.95
High BMI = body mass index > 30 kg/m?



Table 20, Proportions of different categories of waist-hip ratio and body mass index by waist action level and
unadjusted prevalence of obesity measured by waist circumference and BMI, Second MONICA survey, women
aged 25-64 years,

ACTION LEVEL 2
WOMEN Low BMI High BMI Prevalence (%) of  Total
Low WHR High WHR  Low WHR High WHR obesity defined N
(%)} (%) (%) (%) as waist as BMI

Population >88cm  230kg/m”

AUS-NEW  waist<88 71 26 2 1 31 19 755
waist=88 2 44 6 48

AUS-PER waist<88 85 12 2 0.3 17 i4 826
waist>88 4 26 22 48

CHN-BEI waist<88 53 46 0.3 0.3 21 8 869
waist=88 0 62 2 36

CZE-CZE waist<88 55 42 2 .4 48 30 1410
waisi=88 2 40 6 53

DEN-GLO waist<88 40 58 I 0.5 17 8 735
waist>88 2 59 3 36

FIN-KUO waist<88 7 19 3 1 23 20 826
waist>88 1 25 9 64

FIN-NKA waist<B8 74 21 3 1 23 21 1595
waist=88 i 26 12 62

FIN-TUL waist<88 76 i9 4 1 21 19 795
waistz88 5 20 13 63

GER-AUR waist<88 62 34 3 1 26 21 1087
waist288 3 30 10 57

GER-AUU waist<88 68 30 i 1 25 15 863
waistz88 2 41 9 47

GER-HAC waist<88 61 37 ] 1 40 26 480
wajst>88 1 a7 9 53

ITA-BRI waist<88 64 i3 2 2 23 17 775
waist288 2 38 3 57

ITA-FRI waist<88 59 39 1 6.3 26 15 209
waist=88 H 46 5 49

SPA-CAT waist<§§ 60 36 2 1 33 22 1199
waist>88 1 38 5 56

SWE-GOT  waist<88 79 20 1 0.5 14 10 782
waistz88 1 41 12 46

SWE-NSW waist<88 58 40 1 I 18 Il 804
waist>88 0 45 1 54

UNK-GLA  waist<88 70 27 2 0.2 27 19 797
waist=88 1 36 12 50

YUG-NOS waist<88 52 42 3 3 32 26 791
waist>88 0.4 a6 4 65

' Key: Low WHR= waist-hip ratioc < (.80

Low BMI = body mass index < 30 kg/m?

High WHR = waisi-hip ratio 2 (.80

High BMI = body mass index > 30 kg/m?



Figure 1a. Sensitivity and specificity of waist action level 2 (2102 e} in respect with BMI
(230 kg/m”) and waist-hip ratio (20.95). Men aged 25-64 years.
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Figure 1b. Sensitivity and specificlty of waist action level 2 (288 cm) in respect with BMI
(230 kg/m’) and waist-hip ratio (20.80). Women aged 25-64 yeats.

SWE-NSW

CHN-BEI

SWE-GOT

ITA-BRI

ITA-FRI

GER-AUR

YUG-NOS

GER-AUU

FIN-TUL

FIN-NKA

SPA-CAT

FIN-KUO

UNK-GLA

AUS-PER

AUS-NEW

GER-HAC

CZE-CZE

O Sensitivity mSpecificity |

122



Association between prevalence of overweight and sensitivity

Because we discovered that the sensitivities of the waist action levels were lower in
populations where the prevalence of overweight was lower, we decided to test the association
between these two factors in the study populations, A strong positive correlation was found
between sensitivity at waist action level 1 and prevalence of overweight (BMI 225 kg/m’,
correlation coefficient 0.79 in men and 0.72 in women, Figure 2a) and sensitivity at waist
action level 2 and prevalence of obesity (BMI 230 kg/m?, correlation coefficient 0.66 in men
and 0.81 in women, Figure 2b). However, sensitivity was uncorrelated with the proportion of
subjects with high BMI or waist-hip ratio, except in men at waist action level 1 (correlation

coefficient 0.55),

Discussion

Our resuits show considerable differences in the sensitivify of the recommended waist action
levels to detect overweight or obesity measured using “traditional” indicators across the 19
populations studied. At waist action level 1, sensitivity varied between 40% and 80% in men
and between 51% and 86% in women. At action level 2, sensitivity was usually lower than
that at action level 1 ranging from 22% to 64% in men and from 26% to 67% in women.
Specificity was very high (290%) in all popuiations, for both men and women and for both
action levels. This indicates that there would be very few false positives, i.e, subjects who
would be recommended weight management unnecessarily, if the two waist action levels were
applied in these study populations.

The low sensitivities observed in this study reflect the relatively large proportions of
subjects with waist circumference below the action level but either high waist-hip ratio or
high BMI, Thus, there is a relatively large group of people in need of waist management who
would be missed if these waist action levels alone were adopted as screening tests for weight
management, At waist action level 1, false negatives were mainly those with high BMI (=25
ke/m*) but low waist-hip ratio. The proportion of such men among those with waist below the
action level ranged from 21% to 41%. At waist action level 2, false negatives were mainly
those with Jow BMI (<30 kg/m®) but high waist-hip ratio. The proportion of these subjects
among those with waist below the action level varied between 7% and 74% in men and

between 12% and 58% in women.
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Figure 2a. Prevalence of overweight (BMT 225 kg/m’) vs. sensitivity at waist action level 1, 19 male and 18 female populations aged 25-64
years.
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Figure 2b. Prevalence of obesity (BMI 230 kg/m’} vs. sensitiviry at waist action level 2, 19 male and 18 female populations aged 25-64 years.
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These are the subjects who would be missed if the weight management programme were
solely based on the waist action levels infroduced by Lean et al. 7 1t is, however, debatable
whether subjects with only high waist-hip ratio or only high BMI would really need weight
reduction or surveillance and benefit from it. Lean et al. implicitly concluded that they do not
need weight management and considered them as true negatives if their waist circumference
was below the action level. This is, however, deciding the need of weight management on the
basis of the test result (waist circumference) and not on the basis of the BMI and waist-hip
ratio, and such a post-hoc decision is inappropriate in defining true and false negatives. We
considered all subjects with either high waist-hip ratio or high BMI, or both, as cases (that is,
in need of weight management), and therefore our estimates for sensitivity in Glasgow (72%
in men and 73% in women at waist action level 1) were considerably lower than those of Lean
et al, (97% in both men and women). Our definition of true and false negatives is in keeping
with the one generally applied in assessment of tests in public health screening . Further
knowledge about the distribution of risk factors and health ouicomes in subjects in the
different categories of waist, waist-hip ratio and BMI - especially in those subjects with only
high waist-hip ratio or high BMI - is needed before definitive recommendations regarding
these subjects can be given, Nevertheless, the advantage of these waist action levels is that
people with both high waist-hip ratic and high BMI would very seldomly be missed in
screening for waist in any of the study populations. Moreover, people with low waist-hip ratio
and low BM]I would very rarely be inappropriately recommended for weight management.

Calculation of sensitivity and specificity requires an assessment of the frue disease
status. Lean et al.  used cut-off points for BMI and waist-hip ratio in their assessment. The
cut-off points for BMI are well established, and they have been incorporated in the WHO
recommendation *, The use of cut-off points described by Lean et al. for waist-hip ratio 13 is,
however, only one possibility. Several other cut-off points have been suggested in the
literature '®'7, and there is no consensus about the optimal cut-off points for waist-hip ratio, A
change in the cut-off points for waist-hip ratio would cause a change in the cut-off points for
waist circumference. Therefore, the scientific justification for the waist action levels is highly
dependent on the validity of the cut-off points for BMI and waist-hip ratio.

Sensitivity and specificity are unaffected by the prevalence of the underlying disease or
condition '® which makes them useful for comparing indicators across different populations,
In this study, a statistically significant positive correlation between sensitivity and prevalence
of overweight (defined by BMI) was observed. This suggests that the interrelations between

various anthropometric measurements vary in different populations. Sensitivity was in general
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lowest in Beijing, Glostrup and Northern Sweden where also the prevalence of overweight
was relatively low. This is in agreement with the findings of Ko et al. ° who also reported
very low sensitivities of waist action level 1 (15% in men, 31% in women) among the lean
popuiation of Hong Kong Chinese. In contrast, Catalonia, the Czech Republic and Halle
County, where overweight was relatively common, showed higher values of sensitivity.
Moreover, because there is always a trade-off between sensitivity and specificity, the large
differences in sensitivity observed among the study populations suggest that the optimal cut-
off points for waist circumference, when based on the cut-off points of BMI and waist-hip
ratio used, would vary between the study populations and be lower in populations with
relatively low prevalence of overweight than in populations with relatively high prevalence of
overweight. This may also explain why the results in the British ’ and Dutch ® studies were
similar, because the prevalence of overweight in these two studies was roughly the same. Our
results are in agreement with the concept that in practise sensitivity and specificity may be
related to the characteristics of the population under study 19 and therefore the screening test
should be evaluated in the population in which it is going to be used.

Although BMI and waist circumference are highly correlated, there were large
differences in the prevalence estimates of overweight and obesity defined by BMI in
comparison with those defined by waist action levels. The differences in the prevalence
estimates produced by the two definitions were smallest for obesity in men. This may be
affected by the fact that waist action levels are defined separately for men and women but the
recormnmendation based on BMI is the same for men and women. At waist action level I, BMI
tended to produce higher prevalence of overweight whereas, at waist action level 2, waist
tended to produce higher prevalence of obesity, especially in men. This inconsistency is a
further reason why the use of waist circumference cut-off points instead of BMI cut-off points
should be done with caution,

For assessing the true differences in body girth measurements among populations, it is
crucial that the methods are standardized across populations, since small differences in the
anatomnical measurement levels can produce very different results *°. The fact that waist
circumference was measured at the level of umbilicus in the Czech Republic did not seem to
have any obvious impact on performance of the waist action levels. The prevalence of
overweight and obesity was the highest in the Czech Republic irrespective of whether it was
measured by waist circumference or by BMI The distribution of proportions of the different
categories of BMI and waist-hip ratio in Glostrup was, however, different from all the other

study populations due to low mean BMI but very high waist-hip ratio. Although some
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investigators have reported high reliabilities for waist and hip circnmference measurements 2
there can always be inter-observer variation in these measurements., The differences in
Glostrup are most likely due o such inter-observer variation, because the centre has reported
that the standard measurement techniques were applied and no particular quality problems
were observed in the data,

To determine the applicability of the waist action levels in identifying subjects with
overweight or obesity, even other criteria than sensitivity and specificity in relation to BMI
and waist-hip ratio can be applied 22 One such criteria is the relation of the waist action levels
to morbidity and mortality, Currently no prospective studics using these specific cut-off
points for waist circumference have been published in the literature. Moreover, the
relationship between obesity and health outcomes can be modified by other factors such as
lifestyle, genetic predisposition and comorbidity in the population. Therefore the
interpretation of waist circumference in different populations may be different. Further data in
each population on the effects of fat storage in specific regions of the body on health is
needed before the applicability of a single measure can be evaluated.

In conclusion, we observed that the proposed action levels ’ based on the waist
circumference alone are unsatisfactory in detecting people in need of weight management on
the basis of either a high BMI and/or high waist-hip ratio. Moreover, a consirable variation in
sensitivity was found among the study populations. Sensitivity was also Jower in men than in
women. We propose that caution should guide any decision to replace cut-off points based on
BMI and waist-hip ratio with cut-off points based on waist circumference, although the
specificity of these waist action levels seems to be high. Further insight into the health risks in
'false negative' subjects compared with 'true negative' subjects is needed for further
evaluation. The findings of this study aiso suggest that optimal screening cut-off points may
be population-specific. Thus, universal values applicable in different populations — as is

possible for BMI — may not be possible for waist circumference.
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3.3 Misclassification of high risk elderly subjects by using waist action levels

established for young and middie aged adults: results from the Rotterdam

Study

Abstract

In the literature, cut-off points based on waist circumference (waist action levels) have been
suggested fo replace cut-off points based on body mass index (BMI) and waist-hip ratio
{WHR) in identifying subjects with overweight or obesify and/or central fat distribution.
These cut-off points have been based on analysis in mainly middle-aged and younger adults.
In this paper we examined the applicability of the suggested waist action levels in an elderly
population. The subjects comprised 6423 men and women aged 55 or over participating in the
Rotterdam Study. Sensitivities and specificities of the proposed waist action levels in relation
to the cut-off points for BMI and WHR were calculated. Also, cardiovascular risk factor
levels at baseline and risk of death during a 5.5 year follow-up in the d