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Abstract

Objective: Epidemiological studies have shown that adults tend to underestimate
their weight and overestimate their height. This may lead to a misclassification of
their BMI in studies based on self-reported data. The aim of the present study was
to assess the validity of self-reported weight and height in Austrian adults.
Design: Data on weight, height, health behaviour and sociodemographic char-
acteristics of adults were collected in a standardized procedure via a self-filling
questionnaire and a medical examination including measurements of weight
and height.
Setting: A publicly accessible out-patient clinic in southern Austria.
Subjects: Austrian residents (n 473) aged 18 years and older who attended a health
check participated in the study.
Results: The mean difference between reported and measured BMI was not
significant in younger adults (,35 years: mean difference 20?21 kg/m2; P , 0?08)
but increased significantly with age ($55 years: mean difference 20?68 kg/m2;
P , 0?001). The prevalence of normal weight (BMI 5 18?5–24?9 kg/m2) and
overweight (BMI 5 25?0–29?9 kg/m2) was overestimated based on the self-
reported data on BMI, while that for underweight (BMI , 18?5 kg/m2) and obesity
(BMI $ 30?0 kg/m2) was underestimated (P , 0?001). The self-reported data
showed an obesity prevalence of 12?5 %, while measurement showed a pre-
valence of 15?4 % (P , 0?001).
Conclusions: Our results indicate that prevalence rates of obesity are probably
underestimated for Austrian adults when using self-reported weight and height
information. The deviations from the measured data clearly increased with age.
Analyses based on self-reported data should therefore be adjusted for the age
dependency of the validity.
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The prevalence of overweight and obesity is alarmingly

high in the industrialized countries of North America

and Europe(1–3). Overweight and obesity are major risk

factors for a number of chronic sequelae such as diabetes

mellitus type 2, CVD, asthma, adipohepatic conditions,

dyslipidaemia and malignant tumours(4–7) and are now

even epidemic in Europe. They account for 10 to 13 % of

deaths and for 2 to 8 % of health expenditures(1). It is

assumed that in the twenty-seven countries which belong

to the European Union, about 200 million people are

overweight or obese. This corresponds to almost half of

the population within the European Union(8).

Many population-based surveys regarding BMI utilize

self-reported instead of anthropometric measured data,

for convenience and financial reasons(5,9). Information

from self-reported data concerning body weight and

height is often incorrect. Studies from different countries

have found that subjects tend to over-report their body

height(10–21) and under-report their body weight(10–23).

Especially older subjects overestimate their height(12,16,20).

Women in particular assess their weight lower than it

actually is(3,10,23), and men more often over-report their

body height(15,20). Some of these studies have shown, in

contrast with anthropometric measurements, that the

overweight and obesity prevalence in self-reported data is

usually lower(10,11,13,19).

The validity of self-reported weight and height has so

far not been investigated in Austrian adults. The purpose

of the current study was to evaluate the validity of self-

reported body weight and height among adults in Austria
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and to determine whether the validity depends upon

readily available individual characteristics such as age, sex,

educational level and smoking behaviour. In addition, we

wished to assess the accuracy of self-reported data and its

influence on the classification of different BMI categories

(underweight, normal weight, overweight and obesity) in

comparison with measured data.

Materials and methods

Procedure and study population

The data for the current validation study were collected in

cooperation with the Institute of Preventive Medicine,

between 25 January and 21 February 2010, in Graz, a

middle-sized city in southern Austria. The Institute of

Preventive Medicine organizes health checks at its out-

patient clinic. These are open to all Austrian residents

aged 18 years and older, regardless of status (i.e. whether

insured or uninsured). Persons who attended a health

check were asked beforehand to fill in an anonymous

single-sheet questionnaire, providing information such as

their actual weight in kilograms without clothes, their

height in centimetres without shoes as well as other

personal characteristics (such as sex, age, level of edu-

cation and smoking behaviour).

Once the persons agreed to participate, they were first

prompted to complete the questionnaire. After that they

were invited to start the health checks. These were carried

out in examination rooms by different physicians (six

physicians in total), who performed the weight and

height measurements according to a standardized pro-

cedure. The completed questionnaires were forwarded to

the respective health professional. After the health check,

the health professional noted the measured body weight

and height of the participants in the questionnaire.

A total of 595 questionnaires were distributed to persons

who attended the health examination at the out-patient

unit of the Institute of Preventive Medicine in Graz. Five

hundred and fifty-three persons actually participated (257

women; 277 men; nineteen failed to specify their gender),

thus yielding a response rate of 92?9%. Eighty of those

adults were excluded from statistical analysis because of

missing data on their weight and/or height and their gen-

der. Thus 473 participants were eligible for analysis. Of the

study population, 53?3% were male. The mean age of the

participants was 46?2 years (women: 45 (SD 15) years; men:

47 (SD 14) years), with age overall ranging from 20 to

84 years. A total of 93?9% had Austrian citizenship; the

other participants came from other European countries.

About 47?3% of the adults lived in Graz, 51?0% in the

surroundings of Graz and 1?7% failed to answer this

question. The highest educational level of the participants

was a completed vocational school degree (42?5%). The

majority reported that they had never smoked (44?8%),

followed by those who had given up smoking (27?9%).

Ethical approval

Participation in the study was voluntary. The participants

were previously informed that their data would not be

disclosed to third parties and would be kept anonymous.

The current validation study forms part of an investigation

into Austrian trend analyses regarding obesity. This survey

was approved by the ethics commission of the Medical

University of Graz (EK-number: 23-172 ex 10/11).

Measurements and variables

During the health examinations, body weight and height

were measured in a standardized procedure with parti-

cipants wearing underwear and no shoes. The variable

weight was measured using a digital scale to the nearest

1 kg. Height was measured with the participants standing

without shoes and feet together, to the nearest 1 cm.

BMI was calculated as body weight divided by body

height squared (kg/m2). The definition of BMI categories

was made according to the WHO criteria(24): underweight

was defined as BMI, 18?5kg/m2, normal weight as BMI 5

18?5–24?9kg/m2, overweight as BMI 5 25?0–29?9kg/m2,

obesity class 1 as BMI 5 30?0–34?9 kg/m2, obesity class 2

as BMI 5 35?0–39?9 kg/m2 and obesity class 3 as BMI

$ 40?0 kg/m2.

Participants were categorized into four age groups.

These comprised: less than 35 years (n 132), 35–44 years

(n 124), 45–54 years (n 100) and 55 years and older (n 117).

Education was measured as the highest level reached

and then categorized in the following groups: primary

school (n 49), vocational school (n 201), commercial or

professional school (n 65), secondary school with school

completion examination (n 82), university or college of

higher education (n 61) and other education after school

completion examination (n 9). Six participants opted not

to report their educational level.

Smoking behaviour was recorded as occasionally (n 27),

up to 10 cigarettes daily (n 34), 11 to 20 cigarettes daily

(n 39), more than 20 cigarettes daily (n 14), given up

(n 132) or never smoked (n 212). Fifteen persons opted

not to specify their smoking behaviour.

Statistical analyses

Self-reported and measured BMI were calculated using

self-reported and measured height and weight. The

reported and measured BMI values were classified into

the different weight classes: underweight, normal weight,

overweight and obese (class 1 to 3). The prevalences

were stratified by sex and gender.

Multiple linear regression analysis was used to identify

factors associated with the difference between self-reported

and measured BMI. The model included the following

independent variables: sex (with the female as reference),

age group (with the youngest age group of less than

35 years as reference), educational level (with primary

school as reference) and smoking behaviour (with smoking

occasionally as reference).
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In addition, agreement between self-reported and

measured BMI was assessed using the Bland–Altman

method(25,26). In assessing the agreement between two

methods of measurement, the bias and mean variation of

individual measurement differences are of importance.

The Bland–Altman plot considers these two aspects

and provides an easy way to represent and quantify the

conformity of measurement methods. All observed out-

liers were included in the analysis, because their under-

lying reported and measured weight and height values

were in a plausible range.

Paired-sample t tests were conducted in order to detect

significant differences between measured and reported

anthropometrics. In order to compare reported with mea-

sured prevalences of different BMI categories the nptrend

procedure of Stata/SE was applied, which performs Cuzick’s

non-parametric test for trends across ordered groups. This

test is an extension of the Wilcoxon rank sum test(27).

A P value of 0?05 was used as a threshold for statistical

significance.

Data management and statistical analyses were con-

ducted using the statistical software packages SPSS�R for

Windows version 17?0 (SPSS Inc., Chicago, IL, USA) and

Stata/SE for Windows version 1?1 (StataCorp., College

Station, TX, USA).

Results

Descriptive statistics of self-reported and

measured data

Age- and sex-specific means and differences in self-

reported v. measured weight and height are presented in

Table 1. In total, self-reported mean weight was sig-

nificantly lower than measured mean weight (P , 0?05).

However, both women and men overestimated their

body height by about 1 cm (P , 0?05).

Table 2 shows mean values and differences for self-

reported v. measured BMI. The mean BMI values calculated

from self-reported data were lower than the measurement-

based BMI values. Self-reported weight and height resulted

in a mean BMI of 25?04kg/m2, while measurements

showed a mean BMI of 25?44kg/m2. In total a difference of

20?40kg/m2 was found between reported and measured

BMI values (P , 0?05).

The biggest difference between self-reported and

measured body weight was found for women in the age

group of 55 years and older (21?06 kg, P , 0?05). In men

the biggest difference was found in the age group 45 to

54 years (20?73 kg, P , 0?05). Body height was most

frequently overestimated by participants aged 55 years

and older. This applied to both women and men (women:

11?44 cm, P , 0?05; men: 11?46 cm, P , 0?05). The great-

est deviations between self-reported and measured BMI

emerged among the oldest study participants (women:

20?87kg/m2, P , 0?05; men: 20?53kg/m2, P , 0?05). T
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Determinants of validity

In order to identify determinants of validity, a multiple

linear regression analysis was performed with sex, educa-

tional level, smoking behaviour and age group as inde-

pendent variables and differences between self-reported

and measured BMI as dependent variable. The regression

analysis results are presented in Table 3.

The model explained about 5 % of the variance

(R2 5 0?050) and included 452 persons. There was no

gender effect (P 5 0?74). Age was the only predictor

included in the regression model that was statistically

significantly associated with the difference between mea-

sured and reported BMI (P , 0?001). The second age group

(36–45 years) showed no greater difference between

self-reported and measured BMI data (B 5 20?12kg/m2,

P 5 0?461) than the youngest age group (,35 years),

whereas the difference in the two older age groups

increased significantly (age group 46–55 years: B 5

20?39 kg/m2, P 5 0?026; age group 55 years and older:

B 5 20?70 kg/m2, P , 0?001).

Table 2 Comparison of self-reported and measured BMI among Austrian women and men of different age groups

BMI SR (kg/m2) BMI M (kg/m2) Difference for BMI (kg/m2)

Mean SD Mean SD Mean SD 95 % CI P value*

Women (n 221)
,35 years 21?7 3?1 21?9 3?0 20?23 1?5 20?61, 0?15 0?238
35–44 years 23?1 3?2 23?3 3?4 20?19 0?6 20?37, 20?02 0?033
45–54 years 24?0 3?0 24?5 3?3 20?50 0?8 20?74, 20?25 0?000
$55 years 25?4 3?6 26?2 4?0 20?87 1?1 21?17, 20?56 0?000
Total 23?5 3?6 23?9 3?8 20?43 1?1 20?58, 20?28 0?000

Men (n 252)
,35 years 25?0 2?9 25?2 3?1 20?18 0?9 20?43, 0?06 0?143
35–44 years 25?9 3?3 26?2 3?6 20?31 1?2 20?59, 20?04 0?026
45–54 years 27?3 3?9 27?8 4?2 20?49 0?9 20?74, 20?24 0?000
$55 years 27?2 3?3 27?7 3?6 20?53 1?1 20?81, 20?25 0?000
Total 26?4 3?5 26?8 3?9 20?38 1?1 20?51, 20?25 0?000

Total (n 473)
,35 years 23?2 3?4 23?4 3?4 20?21 1?3 20?43, 20?06 0?078
35–44 years 24?7 3?5 25?0 3?8 20?26 1?0 20?59, 20?09 0?003
45–54 years 25?8 3?9 26?3 4?1 20?49 0?9 20?67, 20?32 0?000
$55 years 26?3 3?6 27?0 3?9 20?68 1?1 20?89, 20?48 0?000
Total 25?0 3?8 25?4 4?1 20?40 1?1 20?50, 20?30 0?000

SR, self-reported data; M, measured data.
*According to the paired-samples t test.

Table 3 Determinants of the difference between self-reported and measured BMI among Austrian adults (multiple linear regression
analysis; n 452)

Variable B (kg/m2) 95 % CI for B SD P value

Intercept 20?129 20?78, 0?53 0?33 0?699
Sex

Female Ref.
Male 20?04 20?28, 0?20 0?12 0?74

Age group
,35 years Ref.
35–44 years 20?12 20?44, 0?20 0?16 0?46
45–54 years 20?39 20?74, 20?05 0?18 0?03
$55 years 20?70 21?05, 20?36 0?18 0?00

Educational level
Primary school Ref.
Vocational school 20?08 20?48, 0?32 0?20 0?69
Commercial or professional school 20?10 20?56, 0?36 0?23 0?67
Secondary school with school completion examination 20?24 20?70, 0?22 0?23 0?30
University of higher education 20?22 20?71, 0?27 0?25 0?37
Other education after school completion examination 20?17 21?05, 0?70 0?44 0?70

Smoking behaviour
Occasionally smoking Ref.
Smoking up to 10 cigarettes daily 20?06 20?68, 0?55 0?31 0?84
Smoking 11 to 20 cigarettes daily 20?10 20?70, 0?49 0?30 0?73
Smoking more than 20 cigarettes daily 0?07 0?73, 0?86 0?40 0?87
Given up smoking 0?14 20?36, 0?63 0?25 0?59
Never smoked 0?18 20?31, 0?66 0?25 0?48

B, coefficient of regression; Ref., reference category.
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Agreement between self-reported and

measured data

Figure 1 illustrates the agreement between self-reported

and measured BMI separately for participants up to

45 years of age (Fig. 1(a)) and participants aged 45 years

and older (Fig. 1(b)). The solid line in the plots represents

the mean difference between BMI measurements and the

mean of both measurements. The dashed lines represent

the 95 % limits of agreement.

The mean differences in the Bland–Altman plots are

close to zero, indicating a very good agreement between

self-reported and measured data at population level.

The ranges of misreported BMI values are also quite

small. This means good agreement at the individual

level. The 95 % CI for the BMI values in younger study

participants indicate that individual variability between

the two BMI measurements was between 22?46 kg/m2

and 11?98 kg/m2. The mean bias was 20?24 kg/m2. The

comparison of the plots shows that the agreement

between reported and measured BMI is lower in older

study participants (mean difference: 20?60 kg/m2, 95 %

CI 22?64, 1?44 kg/m2).

Consequences of self-reporting on BMI categories

Anthropometric measurements showed that most of the

participants were categorized as having normal weight

(45?9 %). The prevalence of underweight and obesity

was underestimated when based on self-reported body

weight and height (Table 4). Especially among the older

participants (45 years and older), obesity prevalences

were underestimated in the self-reporting procedure

(P , 0?001), e.g. 15?7 % v. 18?4 % for obesity class 1. In the

younger age groups no significant differences in BMI

categories (P 5 0?425) were found.

Discussion

The present study is the first to investigate the validity of

self-reported weight and height for adults in Austria. We

have found high correlations between self-reported and

measured weight, height and BMI in younger adults.

Recent publications have shown that female adults tend

to under-report their weight, while men more often over-

report their height(3,15,20). In our study we also found a

difference between women and men in terms of the

degree of inaccuracy in reporting weight and height.

The mean weight for the female study participants was

64?7 kg and the difference between self-reported and

measured weight was 20?53 kg, whereas the difference in

men amounted to only 20?25 kg (self-reported mean

weight: 82?1 kg). In comparison with our study, Visscher

et al.(13) recorded considerably higher differences between

reported and measured weight. They used data from a

Dutch population study for which interviews were con-

ducted face-to-face at the participants’ homes. Their study

found a difference of 1?4 kg for women. The difference

for men was slightly lower (1?0 kg). One possible reason

for the higher difference in the Dutch study might

be that people are more likely to underestimate their

weight when interviewed in their home. It seems that

people tend to assess their weight more accurately in an

out-patient setting.

Furthermore, we found a reported height with a mean

value of 165?9 cm for women and 177?2 cm for men.

Mean differences in body height were rather higher

among men (0?77 cm v. 0?96 cm, P , 0?001) than among

women. This contrasts with the results of a Swiss study(10)

showing women more likely to overestimate their height.

Also the mean differences between reported and mea-

sured height in the Swiss study were much higher

(women: 2?5 cm; men: 1?9 cm).

Our results indicate that the differences between self-

reported and measured body weight and height in our

Austrian adults were much smaller than in similar surveys.

There was a relatively minor difference between women

and men in self-reported and measured mean BMI data

(women: 20?43 kg/m2; men: 20?38 kg/m2). Multiple lin-

ear regression analysis revealed no gender differences

regarding the difference between self-reported and

measured BMI. This outcome contradicts the results of

other studies(20,26). Glaesmer and Brähler(20) found that
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sex and age had a significant interaction effect on the

deviations between reported and measured BMI values.

In their study, which was conducted in Germany, women

more frequently under-reported their BMI. Their study

also showed the difference in BMI to increase with age.

The highest BMI difference (22?39 kg/m2) was found in

the age group from 60 to 69 years.

When grouping our study participants in different age

categories, we also found the highest variations between

reported and measured data in the oldest age group

(participants 55 years and older). BMI was most often

statistically significantly over-reported by this age group

(mean difference: 20?68 kg/m2). The main reason for this

was that many participants aged 55 years and older parti-

cularly overestimated their body height. The same findings

were reported in a large Australian cohort study(12) in which

elderly persons (65 years and older) considerably over-

estimated their height. One possible reason why elderly

people tend to overestimate their height could be that their

height has actually changed due to osteoporosis and

kyphosis, and these people report the height they had when

they were younger.

Especially in the age groups less than 35 years and

35–44 years we found high agreement between reported

and measured data. This coincides with the results of

other surveys(12,15,20).

In previous studies, the use of self-reported values for

determining the BMI category of subjects led to an

underestimation of overweight and obesity(10,13,22,23,28).

In our present study, the prevalence for underweight and

obesity was statistically significantly lower when operat-

ing with self-reported data. However, the prevalences of

reported and measured underweight were nearly con-

gruous (1?3% v. 1?5%). The underestimation of obesity

was due to under-reported body weight and over-reported

body height. Relying on self-reported data, the obesity

prevalence was 12?5%. Anthropometric measurements,

however, showed the true prevalence of obesity to be

15?4%. Similar results were found in a Dutch cross-sectional

health monitoring survey, which investigated 3691

Table 4 Number and proportion of Austrian adults classified in different BMI categories according to self-reported and measured values of weight
and height, using international WHO classification cut-off points, separately for younger and older participants and for women and men

BMI category based
on self-reported BMI

BMI category based
on measured BMI

n % 95 % CI n % 95 % CI

Participants aged , 45 years (P * 5 0?001; Z-5 13?25)
Underweight 6 2?3 0?5, 4?2 7 2?7 0?7, 4?7
Normal weight 144 56?3 50?1, 62?3 142 55?5 49?3, 61?6
Overweight 86 33?6 27?8, 39?4 83 32?4 26?7, 38?1
Obese class 1 16 6?3 3?3, 9?2 20 7?8 4?5, 11?1
Obese class 2 4 1?6 0?03, 3?1 3 1?2 0?1, 2?5
Obese class 3 0 0 1 0?4 0?4, 1?1

Participants aged $ 45 years (P * , 0?001; Z-5 12?84)
Underweight 0 0 0 0
Normal weight 87 40?1 33?5, 46?6 75 34?6 28?2, 40?9
Overweight 91 41?9 35?3, 48?5 93 42?9 36?2, 49?5
Obese class 1 34 15?7 10?8, 20?5 40 18?4 13?2, 23?6
Obese class 2 5 2?3 0?3, 4?3 8 3?7 1?1, 6?2
Obese class 3 0 0 1 0?5 0?4, 1?4

Women (P * , 0?001; Z-5 12?20)
Underweight 6 2?7 0?56, 4?87 6 2?7 0?6, 4?9
Normal weight 152 68?8 62?6, 74?9 141 63?8 57?4, 70?2
Overweight 47 21?3 15?9, 26?7 51 23?1 17?5, 28?7
Obese class 1 14 6?3 3?1, 9?6 19 8?6 4?9, 12?3
Obese class 2 2 0?9 0?4, 2?2 3 1?4 0?2, 2?9
Obese class 3 0 0 1 0?5 0?4, 1?3

Men (P * 5 0?001; Z-5 13?72)
Underweight 0 0 1 0?4 0?4, 1?2
Normal weight 79 31?3 25?6, 37?1 76 30?2 24?5, 35?9
Overweight 130 51?6 45?4, 57?8 125 49?6 43?4, 55?8
Obese class 1 36 14?3 10?0, 18?6 41 16?3 11?7, 20?8
Obese class 2 7 2?8 0?7, 4?8 8 3?2 1?0, 5?3
Obese class 3 0 0 1 0?4 0?4, 1?1

Total (P * , 0?001; Z-5 18?65)
Underweight 6 1?3 0?3, 2?3 7 1?5 0?0, 2?6
Normal weight 231 48?8 44?3, 53?4 217 45?9 41?4, 50?4
Overweight 177 37?4 33?0, 41?8 176 37?2 32?8, 41?6
Obese class 1 50 10?6 7?8, 13?4 60 12?7 9?7, 15?7
Obese class 2 9 1?9 0?1, 0?3 11 2?3 1?0, 3?7
Obese class 3 0 0 2 0?4 0?2, 1?0

*According to the Cuzick test for trend.
-According to the Cuzick test for trend.
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adults(13). Here differences between reported and mea-

sured obesity prevalences were 3?3 % in women and

3?0 % in men. Surprisingly the prevalence for overweight

was overrated in the present study. Nevertheless, the

overall prevalence difference in the BMI category of

overweight, based on self-reported v. measured BMI, was

very low (37?4 % v. 37?2 %).

The strength of the current study was that the anthro-

pometric measurements were performed with a standar-

dized procedure by trained physicians and with a maximum

time interval of 3h between the self-reporting and mea-

suring of weight and height. Limitations of the study include

the fact that body weight was not measured to the nearest

100g, but in whole units of kilograms. Also height was only

given in whole units of centimetres and not in millimetres.

In our opinion the setting could also represent a limitation

to the representativeness of the study. It seems likely that

subjects who attend a health check rather report their true

body weight and height. Perhaps there would have been

less agreement between reported and measured data in

other settings, as for example in surveys with participants at

home. Therefore, we recommend further research be done

on the validity of reported body weight and height in

typical survey settings.

In conclusion, we found that self-reported BMI may

be used as a very simple, inexpensive and less time-

consuming method when doing BMI estimates for over-

weight and obesity in epidemiological studies. Overall,

our findings have shown self-reported body weight

and height to be reasonably valid measures compared

with measured values. Very high agreement was reached

among younger adults. It should be noted that BMI

accuracy is considerably influenced by age. We therefore

conclude that there are limitations regarding the use of

self-reported weight and height data of older adults. The

use of self-reported data for BMI may induce bias in

studies about overweight and obesity. We recommend

investigations in other settings with larger study samples

in order to provide a more detailed analysis of the validity

of reported data on body weight and height.
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