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Abstract

Objective: The aim of the present study was to validate figural drawing scales
depicting extremely lean to extremely obese subjects to obtain proxies for BMI
and waist circumference in postal surveys.

Design: Reported figural scales and anthropometric data from a large population-
based postal survey were validated with measured anthropometric data from the
same individuals by means of receiver-operating characteristic curves and a BMI
prediction model.

Setting: Adult participants in a Scandinavian cohort study first recruited in 1990
and followed up twice since.

Subjects: Individuals aged 38-66 years with complete data for BMI (72 1580) and
waist circumference (2 1017).

Results: Median BMI and waist circumference increased exponentially with
increasing figural scales. Receiver-operating characteristic curve analyses showed a

high predictive ability to identify individuals with BMI > 25-0 kg/rn2 in both sexes. Keyword.s
The optimal figural scales for identifying overweight or obese individuals with a Anthropometric
correct detection rate were 4 and 5 in women, and 5 and 6 in men, respectively. The Figural SE(;JG
prediction model explained 74 % of the variance among women and 62 % among Figural sfimuli

men. Predicted BMI differed only marginally from objectively measured BMI.
Conclusions: Figural drawing scales explained a large part of the anthropometric

Waist circumference
Observational study

variance in this population and showed a high predictive ability for identifying Obesity
overweight/obese subjects. These figural scales can be used with confidence as proxies Overweight
of BMI and waist circumference in settings where objective measures are not feasible. Validation

The obesity epidemic has drawn attention to the role of
metabolic factors in the aetiology of non-communicable
diseases. Considerable evidence points to the adverse
impact of obesity on cardiometabolic and respiratory
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diseases™?. Obesity’s adverse effect may be related to
metabolic and inflammatory pathways®* and/or actual
weight of body fat®®.

In clinical and epidemiological studies, BMI or waist-to-hip
ratio is most commonly used to define anthropometric status.
These proxies of body fat are related to clinical health

© The Authors 2016


https://doi.org/10.1017/S136898001600015X

Validation of self-reported figural drawing scales

outcomes™”.  More sophisticated measures of body

composition, such as bioimpedance measurements, are also
used to assess body fat and fat-free mass®. However, in
large population-based studies or studies in remote settings,
neither option is feasible. Figural stimuli, representing
a range of figural drawing scales (figural scales) from
extremely lean to extremely obese, are an easy-to-administer
self-reported measure of body image. First introduced and
validated by Stunkard et al. in 1983, figural scales have
been used in many studies in place of measured or
self-reported  height and weight®'® or to assess body
satisfaction by comparing an individual’s perception of his/
her body with his/her ideal body image"'*'*.

The latest Respiratory Health in Northern Europe (RHINE)
survey, performed in 2010-2012, introduced modernised
figural stimuli for men and women, with nine categories,
similar to Stunkard’s figural scales. The purpose of introdu-
cing figural stimuli in the survey was twofold. First, the figural
scales complemented self-reported current height and
weight by adding information on body fat distribution.
Second, if the figural scales proved to be a valid instrument
in the present, they could be used to assess anthropometric
status at specific time points in the past (time of menopause,
55 years, 40 years, 30 years) and thereby provide a history of
anthropometrics, often missing in epidemiological research.
Figural scales could also be a valid alternative to or an
additional instrument for assessing anthropometric data in
cultural settings in which people do not know their height
and weight because they are not commonly measured or
because anthropometric measurements cannot be acquired.

In the current study we validated the reported current
figural scales with measured current BMI in a sub-sample
of RHINE participants with data on measured height,
weight and waist circumference (WC). Our aim was to
investigate the predictive power of figural scales to iden-
tify individuals at metabolic risk.

Materials and methods

The RHINE study population (www.rhine.nu) consists of the
population-based study sample recruited for the first stage of
the FEuropean Community Respiratory Health Survey
(ECRHS, 1990-1994; www.ecths.org)*®. Men and women
aged 20-44 years were randomly selected from population
registers within specific boundaries and were sent a ques-
tionnaire by post (1 21 802; response rate 83-7%). RHINE
study centres are located in Reykjavik, Iceland; Bergen,
Norway; Umed, Uppsala and Gothenburg, Sweden; Aarhus,
Denmark; and Tartu, Estonia. The study was approved by
the local ethics commissions of each study centre. All
participants provided written informed consent. Since the
initial survey, participants have been followed up twice by
postal questionnaire“é) . The analyses presented here were
performed on a sub-sample of RHINE III participants
who also participated in the third ECRHS clinical study
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(2011-2012) and had complete data on objectively measured
BMI and current figural scales (n 1580; see online
supplementary material 1, Supplemental Fig. 1.

Participants’ data

Through the postal questionnaires, RHINE III collected
data on current and past health, lifestyle and socio-
economic status, including self-reported height and
weight. BMI was defined as weight/height®>. Education
was defined based on the highest educational degree
achieved (obligatory, secondary or tertiary levels).

Figural scales

The figural stimuli introduced during RHINE III
were designed specifically for the survey by Alejandro
Villén-Real (Fig. 1) and based on Stunkard’s body image
scales'”. Participants were asked to tick the figural scale
that best described their current figure.

Anthropometric measures

Body weight, height and waist were measured following the
ECRHS standard protocol and using calibrated scales and
tape bands at the RHINE study centres. Obese (BMI > 30-0
kg/m?® and overweight (BMI = 25-0-30-0 kg/m?) participants,
as well as those with a WC of >88cm in women and
>102 cm in men, were considered to be ‘at risk”.

Statistical methods

Study participants’ characteristics were stratified by sex.
We compared the prevalence of characteristics among
participants with and without objective anthropometric
data, as well as between participants who had answered
the question on body image and those who had not. In a
multivariable logistic regression, we investigated the
odds of non-response to the figural scales (see online
supplementary material 1, Supplemental Table 1).

The median and interquartile range of objectively
measured BMI (oBMI), waist circumference (WC) and
self-reported BMI (sBMI) were calculated for each body
shape. Differences between oBMI and sBMI were assessed.
Spearman  correlations between the anthropometric
measures and figural scales were calculated. Receiver-
operating characteristic (ROC) curves™® were computed to
investigate the ability of the figural stimuli to identify
subjects ‘at risk’ as defined above (obese (BMI > 30-0 kg/m?)
v. non-obese; overweight (BMI>25.0kg/m® v. non-
overweight; females and males with WC >88cm and
>102 cm, respectively, v. females and males with WC below
these values). ROC curves plot the true positive rate (correct
detection) against the false positive rate (false alarm) for each
figural scale. The area under the curve (AUC) is a measure
of test accuracy”. ROC curves also visually facilitate
identification of the best possible figural scale (optimal
sensitivity and  specificity  criterion), which allows
discrimination between obese and non-obese subjects with
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Fig. 1 Figural scales for (a) men and (b) women introduced in the Respiratory Health in Northern Europe (RHINE IIl) survey

maximum sensitivity (correct detection) and the least loss of
specificity (correct rejection).

ROC curve analyses were performed separately for differ-
ent sex and age groups (<52 years v. >52 years, mean age).
The empirical optimal sensitivity and specificity criterion and
the Youden index were calculated for figural scales.

After dividing the study population into two random
data sets, a BMI prediction model was developed with one
of the samples and validated in the other. In a step-wise
backward modelling procedure, the number of covariates
was reduced, based on a significance level of 0-2, to a final
model with the highest explanatory power (adjusted 72
Akaike criterion®”). Models were built for men and
women separately. In the model, oBMI was log-
transformed (log BMD) to account for oBMI's left-skewed
distribution. The predictive model for log BMI in women
included: figural scales corresponding to current figure,
age, educational status, current use of hormonal replace-
ment therapy (HRT), prevalence of menopausal symptoms
ever (MP symptoms ever) and chronic disease status (i.e.
asthma and diabetes), as well as study centre as a random
variable. The male predictive model included: current
figural scales, age, educational status, smoking status, CVD
status and study centre. The coefficients of the predictive
model were then applied to the second random sample to
predict log BMI. The difference between predicted log BMI
and measured log BMI was calculated and the values were
converted back into the original units (using exp(x)).

Results
Of the RHINE III survey population (7 12 660), 93 % filled

in current figural scales. Of these respondents, those par-
ticipating in the ECRHS clinical assessment (and therefore
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with measured oBMI and WC) differed significantly from
those without objective anthropometric measures. Differ-
ences were found with respect to age (52:6 years v. 51-5
years) and smoking status (15 % v. 17 %). Participants with
objective measures also had a higher prevalence of
respiratory disease (27 % v. 12%), since about a third of
the random ECRHS sample had been recruited based on
symptoms suggestive of asthma™® . However, metaboli-
cally important measures such as physical exercise or
diabetes were not significantly different between the two
groups (see online supplementary material 1, Supple-
mental Table 1). The multivariable logistic regression
yielded a slightly higher odds of non-responders among
older participants (OR = 1-03 per year of age, 95 % CI 1-02,
1-04; see online supplementary material 1, Supplemental
Table 2) and participants with high educational status
(OR=0-81, 95% CI 0-73, 0-91), and a somewhat lower
ratio among women (OR=0-74, 95% CI 0-64, 0-87,
Supplemental Table 2).

The analytic sample included slightly more women
(58%) than men (42%). The mean age of the overall
sample was 52-4 years (sp 7-1), ranging from 38 to
66 years. With respect to anthropometric measures, the
mean oBMI was 26-5 kg/m? (women, 25-7 (sp 6-2) kg/m?;
men, 26:9 (sp 4-7) kg/m?) and the mean WC was 94-3 cm
(women, 87-8 (sp 17-6) cm; men, 98-6 (sp 15-1) cm).

With increasing figural scale, from scale 1 (extremely
lean) to scale 9 (extremely obese), the median, 25th and
75th percentiles of oBMI and WC increased (Fig. 2).
The self-reported BMI percentiles showed a comparative
increase (see online supplementary material 1,
Supplemental Table 3). The overall Spearman correlation
coefficient between oBMI and sBMI was very high (0-94),
with a difference between sexes (women, 0-944; men,
0-928; both significant P<0-001, sex difference P=0-02).
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Fig. 2 Box-and-whisker plots showing the distribution of oBMI and WC by figural scale, according to sex, in Scandinavian adults aged 38—
66 years (sub-sample of the RHINE Ill): (a) oBMI in women (n 674); (b) oBMI in men (n 769); (c) WC in women (n 527);
(d) WC in men (n 500). The bottom and top edge of the box represent the first and third quartiles (interquartile range); the line within the
box represents the median; the ends of the bottom and top whiskers represent the upper and lower adjacent values; and the dots
represent outliers (0BMI, objectively measured BMI; WC, waist circumference; RHINE Ill, Respiratory Health in Northern Europe survey)

The correlation coefficient between oBMI and figural scale
rating was higher for women (0-77) than for men (0-70;
both P<0-001, sex difference P<0-007). The differences
between sBMI and oBMI were marginal, with a tendency
towards under-reporting at higher figural scales and over-
reporting at lower figural scales (Supplemental Table 3).

The modal and median scale in both women and men
was 3, corresponding to a median oBMI of 26-6kg/m?* in
women and 26-3 kg/m?* in men. Based on measured WC,
about half of the women (48:6% had WC > 88 cm; range
88-05-152-25 cm) and about two-fifths of the men (38-4 %
had WC > 102 cm; range 102-05-145-5 cm) were defined as
‘at risk’. Less than 1% of participants had an oBMI of
<18-5kg/m? so no ‘underweight’ category was defined.
Instead, these participants were included in the ‘normal
weight’ category (see online supplementary material 1,
Supplemental Table 4).

Receiver-operating characteristic curves for figural
scales

The ROC curve analyses yielded high AUC values for
identifying obesity (women, AUC=0-879; men, AUC=
0-863), as well as overweight (women, AUC =0-859; men,
AUC =0-842; Fig. 3).
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When adjusted for age, the discriminatory power of the
figural scales remained consistently high (women, AUC =
0-815; men, AUC=0-784). The optimal sensitivity and spe-
cificity criterion (optimal criterion) for identifying metabolic
risk, correctly classifying the greatest number of ‘at risk’
individuals and minimising false positives, was assessed
separately for obese, overweight and WC (Table 1).

Differences in predictive power and optimal criterion by
age were observed for both men and women. For older
participants (=52 years) the optimal criterion remained the
same, while for younger participants of both sexes (<52
years) the optimal criterion to identify obesity was one
scale lower; for example, for women a figural scale of 4
instead of 5. For men, ROC curve analyses also yielded a
lower optimal criterion for overweight, figural scale of 4
instead of 5. On the other hand, no differences by age
were observed for WC.

Validation modelling

Figural scales alone already explained a large part of oBMI
variance (adjusted 7*=0-58 for women, 0-48 for men).
Adding additional model covariates improved the adjusted 72
substantially. The validation model showed good predictive
power for BMI with an adjusted 7* of 0-67 for women and
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Fig. 3 ROC curves (——@——, data points; [, cut-off point of optimal sensitivity and specificity; — — —, reference line of no

discrimination) for identifying obese subjects with figural scales, according to sex, in Scandinavian adults aged 38-66 years
(sub-sample of the RHINE Ill): (a) women, sensitivity=0-71, specificity=0-88, AUC=0-8786; (b) men, sensitivity=0-76,
specificity =0-85, AUC =0-8630 (ROC, receiver-operating characteristic; RHINE Ill, Respiratory Health in Northern Europe

survey; AUC, area under the curve)

Table 1 Discriminatory capabilities of figural scales for identifying obesity, overweight and increased WC, according to
sex, in Scandinavian adults aged 38-66 years (sub-sample of the RHINE lll): results of ROC curve analyses

Figural scale with optimal

AUC sensitivity and specificity Youden index Sensitivity/specificity
Women, obese 0-88 5 0-588 0-71/0-88
Men, obese 0-86 6 0-611 0-76/0-85
Women, overweight 0-86 4 0-589 0-80/0-87
Men, overweight 0-84 5 0513 0-62/0-89
Women, WC >88cm 078 4 0-544 0-81/0-75
Men, WC >120cm 0-81 5 0-611 0-83/0-78

WC, waist circumference; RHINE Ill, Respiratory Health in Northern Europe survey; AUC, area under the curve; ROC, receiver-

operating characteristic.
Obese, BMI > 30-0 kg/m?; overweight, BMI > 25.0 kg/m?2.

0-52 for men. When potential influential data points, based on
Cook’s distance estimation, were excluded from the data set,
the adjusted * increased to 0-74 in women and 0-62 in men.
However, the effect estimates did not change considerably.
The multivariable linear regression models we obtained for
predicting BMI based on figural scales were as follows.

For women:
log BMI = 2 - 73661 + figural scalesx (0 - 0987671)

+age x (0-0004111) + educational status

x (—0-0169593) + ever asthma x (0 - 0246553)

+diabetes x (0 - 0705768) + MP symptoms ever

x (=0 -0302591) + HRT current use x (0 - 0303381)

+centrex (—0 - 0001263).

For men:
log BMI = 3 - 152997 + figural scales x (0 - 0564805)

+age x (—0-0028301) +educational status
x (—0-0071292) +CVD x (0 - 0542313)
+smoking status x (—0 - 0243481) + centre

x (—0 - 000238).
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The mean difference between predicted BMI and oBMI
was —0-01 (sp 2-64) kg/m? for women and —0-033 (sp 2-87)
kg/m? for men. The negative values imply that the
predicted measure was higher than the measured value.

Discussion

Our validation study shows that the figural scales used in
RHINE III are a reliable means of identifying populations
‘at risk’, for both men and women. They can identify
subjects ‘at risk’ with high accuracy, as shown by the ROC
curve analyses with an AUC well above 0-8, which is of
high value to studies on chronic disease development.
Both sexes reported their current figural scales in accor-
dance with objectively measured current BMI and WC.
The figural scales performed well in the wvalidation
analyses, with highly consistent results across various
validation approaches. The analyses could also validate
BMI based on self-reported weight and height.

In general, the figural scales were well reported
by RHINE participants, with a small degree of missing
information in the full study (6-6%). We observed some
differences between responders and non-responders.
Older, less educated and male participants were less
inclined to fill in the figural scales.

Objectively measured BMI corresponded very well with
the expected increase at each figural scale. Correlation
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was high between the two methods and comparable to
correlations found by Bulik e al. (females, »=0-81; males,
r=073)"". Some studies do not report equally high
correlations, but the finding of higher correlation for women
than for men is consistently observed in studies®' ™.
Correlations were also high for self-reported and objectively
measured BMI, with the expected degree of over- and
under-reporting depending on the figural scale.

We observed an overlap of BMI ranges across the
figural scales, as expected. The ordinal and fixed scale
forces people to decide on one figure or the other, even
though they might feel they are in between two figural
scales. This may result in a greater range of BMI*?. The
larger variability of objectively measured BMI observed at
the extreme ends of the figural scales relates to the smaller
number of participants found at these extremes, compared
with other studies. In addition, pathological misconcep-
tions of body weight and body image would be reflected
in the extreme ends of the figural scales and may also
explain some of the variation in these extreme categories.

The ROC curve analyses provided optimal sensitivity
and specificity criteria for metabolic risk in this Scandina-
vian population, both in men and women. For younger
men and women, the optimal criterion for obesity (and for
overweight among men) was one figural scale lower than
for older subjects. This is possibly due to more muscle
mass in younger persons than in the elderly. While we
cannot fully explain this observation, WC showed no age
group difference, supporting our hypothesis. Younger
people might also be more conscious about body norms in
their age group and report lower figural scales. The
optimal criteria for metabolic risk based on measured WC
were the same as for overweight. The similarity between
overweight and obesity criteria implies that while figural
scales have a high power to identify subjects ‘at risk’,
differentiating between those overweight and obese is
more difficult. ROC curve analyses and calculated optimal
criteria are similar to findings in other validation
studies">'8*? The importance of calculating optimal
sensitivity and specificity criteria using objective data
within a study population is underlined by Madrigal et al.,
who compared researchers’ and participants’ perception
of the figures and found considerable discrepancy leading
ultimately to a  considerable  misclassification‘®?
Differential interpretation of the figural stimuli has also
been shown by ethnicity, with different ethnic groups
assigning different BMI to the same figural stimuli‘*"2>%,

Figural scales alone explained about 50% of BMI
variance, comparable to the ? published by Kaufer-
Horwitz et al*” and Bulik et al"®. The explanatory
power increased when additional subjective data were
added to the predictive model and after excluding sig-
nificant outliers. The mean difference between predicted
and objectively measured BMI was only 1 BMI unit. We
observed larger, non-significant differences in the objec-
tive measures at the extreme figural scales (extremely
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lean, figural scale 1 and extremely obese, figural scale 9).
Researchers wishing to use figural scales to estimate BMI
are advised to collect these additional data, where possi-
ble, to achieve the highest degree of accuracy.

Some study limitations need to be considered when
applying the figural scales. First, misconceptions of body
size and weight might be differential and reporting bias,
for example by sex, education and overweight*” or due
to psychiatric disorders®, cannot be totally excluded.
Therefore, at the individual level, there is a risk of mis-
classification when using figural scales. At the population
level, however, the instrument discriminates well between
individuals without or ‘at risk’.

Second, participants were recruited randomly and
should represent the general population living at the
respective study sites, all set in Nordic countries. For that
reason, our results are generalizable to Northern Europe or
similar European countries only. We had no additional
data on ethnicity, which could have introduced
non-differential misclassification and loss of power®>.

Third, the sample yields a high prevalence of asthma.
There is, however, no reason to believe that asthmatics
would have a differential perception of their body image.
While obesity is known as a risk factor of asthma, we did
not observe a high prevalence of obesity in our study
population. Altogether, we do not assume differential
misclassification due to the asthmatics in our study.

Finally, few participants were found at the extreme
figural scales and thus there was insufficient power
to calculate corresponding BMI or cut-off points for
underweight subjects.

In summary, subjects ‘at risk’, as defined by BMI and
WC, can be identified with high accuracy using this figural
scale. The reliability of the RHINE III figural stimuli for a
Scandinavian population is comparable to figural stimuli
applied in other, partially ethnically diverse population-
based studies. Given the good performance of the figural
stimuli, we will further investigate their use in public
health and clinical studies. The figural scales are a valid
alternative or even an additional instrument to assess
anthropometric data in public health research.

Supplementary material

To view supplementary material for this article, please visit
http://dx.doi.org/10.1017/5136898001600015X
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