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Abstract: The assessment of weight status is important in many epidemiological studies, but its
direct measurement is not always possible. Self-reported weight and height are often used, although
previous research reported low accuracy. This study aimed to test the ability of trained observers
to accurately estimate weight status in adults using structured observation. A cross-sectional study
was conducted. For each participant, height and weight were estimated in categories, and weight
status was recorded using Stunkard’s body figures, by two trained observers. Height and weight
were also measured, using standardized procedures. Subjects were classified according to World
Health Organization body mass index (BMI) cut-offs from objective measurements and from the BMI
assigned to each body figure. Sensitivity, specificity, and likelihood ratios were calculated to assess the
accuracy of estimating weight status by observation. Kappa was used to test inter-observer reliability.
A total of 127 participants were assessed, 70 women and 57 men, aged between 19 and 89 years
(mean ± standard deviation: 50.3 ± 16.3 years). Most participants were overweight or obese (64.3%
women; 78.9% men). The sensitivity and specificity of overweight/obesity status identification were
72.8% and 78.4%, respectively. Observers’ gender, participants’ gender, and participants’ age were
significantly associated with the estimation of overweight/obesity. The agreement between observers
was moderate for BMI estimates (κ = 0.52) but substantial when distinguishing normal weight from
overweight/obesity (κ = 0.67). Trained observers were able to distinguish normal weight from
overweight/obesity with high sensitivity and specificity, and substantial interrater reliability. This
innovative methodology showed potential for improvement through enhanced training techniques.
The use of structured observation may be a useful and accurate alternative to self-reported weight
status assessment, whenever anthropometric measurement is not achievable.

Keywords: weight; body mass index; anthropometric measures; body size figures; overweight
and obesity

1. Introduction

Weight status is of interest in epidemiological studies both in estimating prevalence
and its trends as well as in studies of disease prevention, risk assessment, co-morbidities,
mortality, and the economic burden of the overweight and obesity epidemic. In large
population studies, data on weight and height are often collected by self-reporting and
then used to calculate body mass index (BMI) as one of the most popular measures to cate-
gorize participants as underweight, normal weight, overweight, or obese [1–3]. However,
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previous studies have shown that self-reported weight and height are often inaccurate,
with individuals underestimating their weight and overestimating their height, resulting in
an underestimation of BMI [4–14].

Silhouette-based matching tests have been used to assess body image self-perception [15],
since the BMI corresponding to the chosen silhouette has shown a high correlation with
measured BMI in adults [16]. Specifically, assigning self-reported weight status in adults by
the selection of the silhouette from the Stunkard Figure Rating Scale [17] has been reported
to have a good correlation with measured BMI [18]. The validation of the Stunkard scale
as an instrument to assess nutritional status was confirmed by Sorensen et al. [19]. There
is, however, a lack of data on the validity of the weight status estimation performed by
observers trained in using this type of silhouette. Studying the accuracy of estimating
weight status by structured observation would be an important step in validating this
new methodology, which could be used as a simple and quick way to collect weight
status data as an alternative to self-reported values whenever it is not possible to perform
anthropometric measures.

For the present investigation, it was hypothesized that estimated measures by ob-
servers trained in using body image scales might be used in assessing the weight status of
adult individuals when it is not possible to perform anthropometric measures. As such, this
study aimed to test the ability of trained observers to accurately classify adult individuals
by structured observation regarding weight status, and to assess the concordance between
observers in estimating the weight, height, and BMI categories of adult individuals.

2. Materials and Methods

The data used in the present study were obtained from a cross-sectional study con-
ducted from May to June 2018 with a convenience sample of adults. Trained observers
relied on direct observation to classify participants regarding categories of weight, height,
and weight status [17].

2.1. Participant Selection and Recruitment

Participants were recruited after being admitted for blood collection in a public labora-
tory in Leiria (Portugal). All individuals able to stand up to obtain subjective and objective
measures of weight and height were considered eligible for the present study. Those with
clinical conditions that could interfere with weight and height measurements, such as
edema, amputations, and orthopedic problems, as well as pregnant women, were excluded.
While in the waiting room, each eligible individual was invited to join the study after being
informed about its objectives and the procedures involved.

2.2. Recruitment and Training of the Observers

In order to recruit observers, an email was sent to the directors of all undergradu-
ate courses at the School of Health Sciences of the Polytechnic of Leiria, asking for the
dissemination of the study through their students, who were invited to collaborate as
observers. A total of six students were interested in collaborating and were, thus, recruited.
All observers were finishing their undergraduate degrees in Dietetics and Nutrition, except
one, who was in the course of Physiotherapy. Three students in Dietetics and Nutrition
were also healthcare workers with a previous degree and professional experience in another
health field.

Training aimed at providing the observers with theoretical knowledge and practical
skills for estimating weight status using a body image scale, as well as standardizing
procedures. After explaining the study, its objectives, and methodology, the Stunkard
Figure Rating Scale [17] was presented, including (1) its rationale and what it consists of;
(2) the silhouettes that compose it; and (3) the BMI corresponding to each figure. Then,
practical exercises were performed, in which the figures were randomly projected on a
white board (three times each) and classified by the observers regarding the correspondent
BMI, at the end of which the observers were given feedback regarding their evaluations.
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2.3. Procedures for Data Collection

Each participant was asked to stay in front of a white wall, between one and two
minutes, standing still and facing the observers. During this time period, the two observers
positioned themselves in the frontal plane towards the participant at a distance of approxi-
mately three meters. According to their trained perception, each observer independently
estimated (i.e., recorded individually and without exchanging information with their part-
ner) the participants’ weight and height categories (detailed in Section 2.3.1), as well as
their weight status, by selecting one of the nine Stunkard’s Figures.

After the observation, the participant was informed that this step of assessment had
been completed, and they were accompanied to a separate room, where he/she was
objectively evaluated by a third trained researcher, who performed direct anthropometric
measurements using standard procedures [20,21] (detailed in Section 2.3.2), also collecting
data on gender and age. There was no communication between these three researchers
throughout the evaluations.

2.3.1. Measures Estimated by Observation

Height and weight were estimated in categories, as follows:

- Height: (1) ≤144 cm, (2) 145–154 cm, (3) 155–164 cm, (4) 165–174 cm, (5) 175–184 cm,
(6) ≥185 cm;

- Weight: (1) ≤44 kg, (2) 45–54 kg, (3) 55–64 kg, (4) 65–74 kg, (5) 75–84 kg, (6) 85–94 kg,
(7) ≥95 kg.

Due to the low percentage of participants in some categories, for data analysis, the
variables were recoded into new categories, as follows:

- Height: (1) ≤154 cm, (2) 155–164, (3) ≥165 cm;
- Weight: (1) ≤54 kg, (2) 55–74 kg, (3) ≥75 kg.

BMI category estimates were given by the number of the figures of Stunkard’s scale
selected by the observer (from 1 to 9), each one identified with its corresponding BMI ac-
cording to Bulik et al. [18], for females and males, respectively: Figure 1—18.3/19.8 kg/m2;
Figure 2—19.3/21.1 kg/m2; Figure 3—20.9/22.2 kg/m2; Figure 4—23.1/23.6 kg/m2;
Figure 5—26.2/25.8 kg/m2; Figure 6—29.9/28.1 kg/m2; Figure 7—34.3/31.5 kg/m2;
Figure 8—38.6/35.2 kg/m2; Figure 9—45.4/41.5 kg/m2. These were then classified ac-
cording to the World Health Organization (WHO) cut-offs [18] into four classes: (1) under-
weight (BMI < 18.5 kg/m2); (2) normal weight (BMI 18.5–24.9 kg/m2); (3) overweight (BMI
25.0–29.9 kg/m2); and (4) obese (BMI ≥ 30.0 kg/m2).

2.3.2. Anthropometric Measures

Anthropometric measurements were carried out in accordance with the Portuguese
Guideline “Procedimentos Antropométricos na Pessoa Adulta” [Anthropometric Proce-
dures in the Adult Person] issued by the Directorate-General of Health [20] and the “In-
ternational Standards for Anthropometric Assessment” [21]. Height was measured to the
nearest 0.1 cm, using a SECA® Portable Stadiometer HR001. Weight was measured to the
nearest 100 g using a digital scale (TANITA® TBF- 300A). BMI was calculated, and subjects
were classified according to the WHO cut-offs [22].

2.4. Statistical Analyses

After confirmation of the normality of the data, the mean and standard deviation
(SD) were used to describe the mean age and measured height, weight, and BMI of the
127 participants. These continuous variables were compared using the t-test for indepen-
dent samples. Real age, height, weight, and BMI were also categorized and summarized as
counts and percentages, in order to give a more detailed overview of the distributions of
the participants. These categorical variables were compared using the Chi-square test.

Considering the 254 observations, Spearman’s rank correlation was used to assess the
associations between measured and estimated weight and height.
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The sensitivity, specificity, and likelihood ratios (LR) of the 254 observations were
calculated in order to assess the accuracy of estimating obesity and overweight/obesity
by trained observers (overall, among male observers, and among female observers). Chi-
square and Fisher’s exact tests, as applicable, were performed to assess the association
between correct identification of obese and non-obese individuals, and between over-
weight/obese and non-overweight/obese subjects according to the gender of the observer,
the gender of the participant, and the age of the participant.

The inter-rater concordance of the 127 paired observations was quantified using the
Kappa statistic, for estimated height, weight, Stunkard figures, and BMI categories.

Statistical analysis was conducted using IBM SPSS Statistics® version 28.0.0.0 Sub-
scription for Macintosh Operating System and STATA® version 15.1 for Windows®. The
level of significance was set at 0.05.

3. Results
3.1. Demographic and Anthropometric Measurements of Observers and Participants

Among the observers, four were women and two were men, aged from 23 to 41 years
old. The mean± SD weight and height of the observers were 66.0± 9.4 kg and 169.2 ± 9.2 cm,
respectively. BMI ranged from 20.7 to 25.5 kg/m2 (mean ± SD: 22.9 ± 1.7 kg/m2).

Demographic and anthropometric data on participants are shown in Table 1. The
sample included 127 participants, 70 women and 57 men, aged between 19 and 89 years
(mean ± SD: 50.3 ± 16.3 years). Most participants were overweight or obese (64.3% women
and 78.9% men).

Table 1. Age and anthropometric measures of the participants (n = 127).

Total
(n = 127)

Women
(n = 70)

Men
(n = 57) p-Value

Age (years), mean ± SD 50.3 ± 16.3 47.9 ± 1.7 53.4 ± 2.5 0.058
Age categories, n (%)
18–34 24 (18.9) 15 (21.4) 9 (15.8)

0.12735–54 53 (41.7) 33 (47.1) 20 (35.1)
≥55 50 (39.4) 22 (31.4) 28 (49.1)

Height (cm), mean ± SD 164.9 ± 9.6 159.7 ± 0.8 171.5 ± 1.1 <0.001 a

Height categories, n (%)
≤154 14 (11.0) 13 (18.6) 1 (1.8)

<0.001 b155–164 52 (40.9) 42 (60.0) 10 (17.5)
≥165 61 (48.0) 15 (21.4) 46 (80.7)

Weight (kg), mean ± SD 73.1 ± 12.9 68.3 ± 1.4 79.1 ± 1.6 <0.001 a

Weight categories, n (%)
≤ 54 11 (8.7) 10 (14.3) 1 (1.8)

<0.001 b55–74 63 (49.6) 41 (58.6) 22 (38.6)
≥75 53 (41.7) 19 (27.1) 34 (59.6)

BMI (kg/m2), mean ± SD 26.9 ± 4.1 26.8 ± 0.5 26.9 ± 0.5 0.900
BMI categories, n (%)
<18.5 5 (3.9) 4 (5.7) 1 (1.8)

0.006 b18.5–24.9 32 (25.2) 21 (30.0) 11 (19.3)
25.0–29.9 61 (48.0) 24 (34.3) 37 (64.9)
≥30 29 (22.8) 21 (30.0) 8 (14.0)

BMI, Body mass index; SD, standard deviation. a Statistically significant differences according to the t-test for
independent samples with a significance level of 0.05. b Statistically significant differences according to the
Chi-square test with a significance level of 0.05.

3.2. Associations between Measured and Estimated Weight and Height

Figure 1 shows the distributions of measured weight and height, according to the
respective categories of estimation (n = 254 observations). A strong positive rank correlation
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was observed between the anthropometric measures and the corresponding estimations,
both for weight (ρ = 0.74, p < 0.001) and height (ρ = 0.78, p < 0.001).
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Figure 1. Distributions of measured weight (a) and height (b), according to the respective categories
of estimation (n = 254 observations).

3.3. Validity of Estimating BMI by Trained Observers

As shown in Table 2, sensitivity was higher for estimating overweight/obesity status
than for identifying obesity status alone (72.8% vs. 41.4%). Specificity was higher for
estimating obesity than for identifying overweight/obese subjects (96.4% vs. 78.4%).

Table 2. Sensitivity, specificity, and likelihood ratios of estimated measures: obesity, over-
weight/obesity (n = 254 observations).

Participants’ Characteristics Sensitivity Specificity Likelihood Ratio

Positive (LR+) Negative (LR−)
Weight status
Obesity 41.4% 96.4% 11.5 0.61
Overweight/obesity 72.8% 78.4% 3.4 0.35
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For obesity, correct classification of obese subjects was more than 11 times more likely
than misclassification of the non-obese (LR+ = 11.5), while the probability of misclassifica-
tion of the obese was nearly 40% lower than the probability of correct classification of the
non-obese (LR− = 0.61). For the combined status of overweight and obesity, the probability
of correct classification of the overweight/obese subjects was more than three-fold higher
than that of misclassification of the non-overweight/obese (LR+ = 3.4), while the probability
of misclassification of the overweight/obese was nearly one-third the probability of correct
classification of the non-overweight/obese (LR− = 0.35).

In Table 3, gender of observer, gender of participant, and age of participant were
shown to be associated with the estimation of obesity and overweight. Women observers
classified obesity with higher sensitivity than male observers (56.8% vs. 14.3%, p = 0.002).
When considering overweight/obesity, sensitivity increased for both genders, mainly for
male observers, but it remained lower than for female observers, although not statistically
significant (76.6% for female observers vs. 66.7% for male observers, p = 0.146). Specificity
and positive LR were higher for obesity, whereas negative LR was always lower for
obesity/overweight.

Table 3. Sensitivity, specificity, and likelihood ratios of estimated obesity and overweight/obesity
by observation, according to gender of observer, gender of participant, and age of participant
(n = 254 observations).

Obesity Overweight/Obesity

Sensitivity Specificity
Likelihood Ratio

Sensitivity Specificity
Likelihood Ratio

Positive
(LR+)

Negative
(LR−)

Positive
(LR+)

Negative
(LR−)

Gender of Observer
Female 56.8% 95.0% 11.4 0.45 76.6% 76.6% 3.3 0.31
Male 14.3% 98.7% 11.0 0.87 66.7% 81.5% 3.6 0.41

p = 0.002 p = 0.184 p = 0.146 p = 0.623
Gender of Participant

Female 50.0% 92.9% 7.0 0.54 65.6% 100% - 0.34
Male 38.1% 100% - 0.62 80.0% 68.0% 2.5 0.29

p = 0.411 p = 0.014 p = 0.029 p = 0.002
Age of Participant (years)

18–34 20.0% 100% - 0.80 79.2% 91.7% 9.5 0.23
35–54 37.5% 97.6% 15.6 0.64 66.2% 78.1% 3.0 0.43
≥55 54.2% 93.4% 8.2 0.49 76.8% 61.1% 2.0 0.38

p = 0.161 p = 0.206 p = 0.249 p = 0.059
<50 or ≥50 years

<50 33.3% 100% - 0.67 69.2% 85.4% 4.7 0.36
≥50 50.0% 93.0% 7.1 0.54 75.5% 65.4% 2.2 0.37

p = 0.198 p = 0.014 p = 0.350 p = 0.046

Regarding the gender of the participant, sensitivity to detect overweight/obesity was
higher among male participants (80.0% vs. 65.6%, p = 0.029). Specificity for obesity was also
higher among men (100% vs. 92.9%, p = 0.014), whereas specificity for overweight/obesity
was higher among women (100% vs. 68%, p = 0.002). The LR− was similar among men
and women, and lower for overweight/obesity (LR−women = 0.34; LR−men = 0.29) than for
obesity (LR−women = 0.54; LR−men = 0.62).

Although not statistically significant, the older age of the participant increased sensi-
tivity to detect obesity (from 20.0% for 18–34 years old to 54.2% for 55 years old or more).
When age was regrouped into only two categories (<50 years and ≥50 years), the sen-
sitivity to detect obesity and overweight/obesity together was similar to the sensitivity
values when three age categories were considered. For obesity, the LR+ ranged between
7.1 and 15.6, and for overweight/obesity, it was highest for participants aged 18–34 years
(LR+ = 9.5), ranging between 2.0 and 4.7 in the remaining groups.
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3.4. Inter-Observer Reliability Analysis

As shown in Table 4, there was substantial agreement between observers for height
(κ = 0.63). For weight estimates (κ = 0.46), BMI estimates (κ = 0.52), and Stunkard Figures
(κ = 0.30), the judgement reliability was moderate to low. Still, agreement between observers
was substantial when identifying subjects with or without overweight/obesity (BMI <25 or
≥25 kg/m2, κ = 0.67).

Table 4. Concordance between observers regarding estimates of height, weight, BMI, and Stunkard
Figures (n = 127 paired observations).

Kappa 95%CI

Height (cm)

≤154
0.63 0.49–0.76155–164

≥165

Weight (kg)

≤54
0.46 0.31–0.6255–74

≥75

BMI (kg/m2)

<18.5

0.52 0.39–0.64
18.5–24.9
25.0–29.9
≥30

<25
0.67 0.50–0.83≥25

Stunkard Body Figures (1 to 9) 0.30 0.22–0.38
BMI, body mass index.

4. Discussion

Our findings showed that visual estimation of obesity among adult individuals by
trained observers using a body image scale was moderately sensitive (72.8% for over-
weight/obesity; 41.4% for obesity) and highly specific (78.4% for overweight/obesity;
96.4% for obesity). These results are similar to those reported in studies where healthcare
providers estimated patients’ weight with an accuracy of 40% to 70% [23–30].

When combining obesity status with overweight, in order to test the ability of observers
to correctly distinguish normal weight from overweight (including obesity), sensitivity
increased. It was more likely to correctly classify overweight overall (including obesity)
than obesity alone, which may be due to the underestimation of obesity, as reported
elsewhere [31–35]. Underestimation of obesity more than overweight might be explained
by normal visual perceptual biases as contraction bias, which means that the weight of
obese bodies will be increasingly underestimated as the BMI increases, and by Weber’s
law, which predicts that change in body size will become progressively harder to detect
as their BMI increases [36–39]. These normal visual perceptual biases are supported by
visual normalization theory, in which exposure to larger body sizes changes the range
of body sizes that are perceptually judged as being “normal” [40–43]. We should also
consider the effect of weight bias caused by negative beliefs about obese individuals and
related stereotypes. Data indicate that a wide range of media portray overweight and
obese individuals in a stigmatizing manner [44] and, additionally, even health professionals
whose careers emphasize research or clinical management of obesity exhibit significant
pro-thin and anti-fat bias, indicating a pervasive and powerful stigma [45].

When assigning weight-based descriptors to individuals to assess physician perception
of patient weight, women physicians recognized the overweight status of their patients
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more readily than men [46]. In our study, women were also more accurate in visual body
weight estimation than men, as female observers estimated obesity with significantly higher
sensitivity than male observers. However, the small number of observers does not allow us
to draw bold conclusions about this.

The gender of the participant has been shown to be associated with differences in the
estimation of overweight/obesity. Overweight/obese men were more accurately classified
than overweight/obese women. This finding is similar to that reported elsewhere, where
physicians of both genders were also less likely to recognize overweight status among
female patients [46].

For this study, previous training for observers was performed. Even so, inter-observer
reliability results indicate that there is room for improvement in training procedures
(namely the inclusion of real people as part of the practical exercises), in order to maximize
the concordance between observers, thus reaching more reliable estimations. Testing the
concordance between a larger number of observers, as performed in a previous study
where the accuracy of visual estimation of weight in geriatric patients by panels of two
and three observers was compared [47], would also be an important recommendation for
future work.

The main limitations of the study are the small sample size and the use of two-
dimensional figures from the Stunkard scale, although validation studies have shown high
correlations between self-reported BMI using this scale’s body size figures and real BMI [18].
The small number of observers limited the conclusions in regard to the potential effect
that the observers’ characteristics may have on weight status assessment. However, to our
knowledge, this is the first study that intends to classify the accuracy of body weight status
assessment in adults by paired trained observers using body image scales. As such, the
exploratory and innovative nature of the data presented should be highlighted.

The development, improvement, and validation of this new and easy-to-use method-
ology for structured observation may be very useful when anthropometric measurement
is not possible. Although anthropometric measurement is the established gold standard
for obtaining weight and height information, in some studies, this methodology can pose
some challenges to achievable data collection, namely due to logistical constraints. Some
examples include the following: (1) the study setting may not allow for the existence of the
ideal privacy conditions for the individuals to be measured; (2) in some regions, cultural
and/or religious barriers to body measurement may exist, which can lead to low partici-
pation rates; or (3) in some countries (especially low-income countries), the human and
material resources necessary for anthropometric measurement may not be sufficient. Also,
the incorporation of pictorial images with known BMI, as well as professionals trained in
structured observation using such images, could address some of the limitations associated
with self-reported measures, especially related to the underestimation of weight and BMI,
and the consequent misidentification of overweight and obese subjects.

5. Conclusions

In conclusion, this study validates the estimation of weight status by direct observation.
Observers were able to distinguish individuals of normal weight from overweight/obese
individuals with high sensitivity and specificity, and substantial inter-observer reliability.
Nevertheless, the identification of overweight/obesity status by structured observation by
trained observers has high potential for future improvement through enhanced training
techniques. This study represents an important step towards the future utilization of this
innovative method for a more simple and fast collection of accurate weight status data.

Author Contributions: N.L. and P.P. designed the study. T.J. was responsible for conducting the
study. I.d.C. and P.P. supervised the conduction of the study. T.J., N.L., S.S. and P.P. performed the
analysis and interpretation of the results. T.J. and S.S. drafted the manuscript. All authors have read
and agreed to the published version of the manuscript.



Appl. Sci. 2023, 13, 8185 9 of 11

Funding: This study was financed through national funding from the Foundation for Science and
Technology—FCT (Portuguese Ministry of Science, Technology and Higher Education), under the
projects UIDB/04750/2020 and LA/P/0064/2020.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Hospital Center Lisbon-North/Faculty of
Medicine of Lisbon (reference number 92/18; date of approval: 11/04/2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Participation was voluntary and anonymous. Participants were identified by a numeric code.
Anthropometric measures were performed in closed specific zones in order to ensure privacy.

Data Availability Statement: The datasets used and/or analyzed during the current study are
available from the corresponding author upon reasonable request.

Acknowledgments: The authors would like to acknowledge the work of the trained observers,
without which this study would not have been possible. We also thank all participants of the study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Gorber, S.C.; Tremblay, M.; Moher, D.; Gorber, B. A comparison of direct vs. self-report measures for assessing height, weight and

body mass index: A systematic review. Obes. Rev. 2007, 8, 307–326. [CrossRef]
2. Skopec, L.; Musco, T.; Sommers, B.D. A Potential New Data Source for Assessing the Impacts of Health Reform: Evaluating the

Gallup-Healthways Well-Being Index. Healthcare 2014, 2, 113–120. [CrossRef]
3. Keith, S.W.; Fontaine, K.R.; Pajewski, N.M.; Mehta, T.; Allison, D.B. Use of self-reported height and weight biases the body mass

index-mortality association. Int. J. Obes. 2011, 35, 401–408. [CrossRef]
4. Wetmore, C.M.; Mokdad, A.H. In denial: Misperceptions of weight change among adults in the United States. Prev. Med. 2012, 55,

93–100. [CrossRef]
5. Gorber, S.C.; Tremblay, M.S. The Bias in Self-reported Obesity From 1976 to 2005: A Canada–US Comparison. Obesity 2010, 18,

354–361. [CrossRef]
6. Wright, F.L.; Green, J.; Reeves, G.; Beral, V.; Cairns, B.J.; On behalf of the Million Women Study. Validity over time of self-reported

anthropometric variables during follow-up of a large cohort of UK women. BMC Med. Res. Methodol. 2015, 15, 81. [CrossRef]
[PubMed]

7. Gildner, T.E.; Barret, T.M.; Liebert, M.A.; Kowal, P.; Snodgrass, J.J. Does BMI generated by self-reported height and weight
measure up in older adults from middle-income countries? Results from the study on global AGEing and adult health (SAGE).
BMC Obes. 2015, 2, 44. [CrossRef] [PubMed]

8. Robinson, E. Overweight but unseen: A review of the underestimation of weight status and a visual normalization theory. Obes.
Rev. 2017, 18, 1200–1209. [CrossRef] [PubMed]

9. Spencer, E.A.; Appleby, P.N.; Davey, G.K.; Key, T.J. Validity of self-reported height and weight in 4808 EPIC-Oxford participants.
Public Health Nutr. 2001, 5, 561–565. [CrossRef] [PubMed]

10. Sánchez-Villegas, A.; Madrigal, H.; Martínez-González, M.A.; Kearney, J.; Gibney, M.J.; De Irala, J.; Martinez, J.A. Perception of
body image as indicator of weight status in the European Union. J. Hum. Nutr. Diet. 2001, 14, 93–102. [CrossRef]

11. Flegal, K.M.; Ogden, C.L.; Fryar, C.; Afful, J.; Klein, R.; Huang, D.T. Comparisons of Self-Reported and Measured Height and
Weight, BMI, and Obesity Prevalence from National Surveys: 1999–2016. Obesity 2019, 27, 1711–1719. [CrossRef] [PubMed]

12. Ko, Y.; Choi, S.; Won, J.; Lee, Y.-K.; Kim, D.-H.; Lee, S.K. Differences in accuracy of height, weight, and body mass index between
self-reported and measured using the 2018 Korea Community Health Survey data. Epidemiol. Health 2022, 44, e2022024. [CrossRef]
[PubMed]

13. Roystonn, K.; Abdin, E.; Sambasivam, R.; Zhang, Y.; Chang, S.; Shafie, S.; Chua, B.Y.; Vaingankar, J.A.; Chong, S.A.; Subramaniam,
M. Accuracy of self-reported height, weight and BMI in a multiethnic Asian population. Ann. Acad. Med. Singap. 2021, 50,
306–314. [CrossRef] [PubMed]

14. Luo, J.; Thomson, C.A.; Hendryx, M.; Tinker, L.F.; Manson, J.E.; Li, Y.; Nelson, D.A.; Vitolins, M.Z.; Seguin, R.A.; Eaton, C.B.; et al.
Accuracy of self-reported weight in the Women’s Health Initiative. Public Health Nutr. 2019, 22, 1019–1028. [CrossRef]

15. Peterson, M.; Orsega-Smith, E.; Tholstrup, L. Validity of the body mass index silhouette matching test. Am. J. Health Behav. 2004,
28, 437–443. [CrossRef] [PubMed]

16. Harris, C.V.; Bradlyn, A.S.; Coffman, J.; Gunel, E.; Cottrell, L. BMI-based body size guides for women and men: Development and
validation of a novel pictorial method to assess weight- related concepts. Int. J. Obes. 2007, 32, 336–342. [CrossRef] [PubMed]

17. Stunkard, A.; Sorensen, T.; Schlusinger, F. Use of Danish adoption register for the study of obesity and thinness. In The Genetics of
Neurological and Psychiatric Disorders; Kety, S., Roland, L., Sidman, R., Matthysse, S., Eds.; Raven Press: New York, NY, USA, 1983;
pp. 115–120.

https://doi.org/10.1111/j.1467-789X.2007.00347.x
https://doi.org/10.1016/j.hjdsi.2014.03.001
https://doi.org/10.1038/ijo.2010.148
https://doi.org/10.1016/j.ypmed.2012.04.019
https://doi.org/10.1038/oby.2009.206
https://doi.org/10.1186/s12874-015-0075-1
https://www.ncbi.nlm.nih.gov/pubmed/26450616
https://doi.org/10.1186/s40608-015-0074-0
https://www.ncbi.nlm.nih.gov/pubmed/26509041
https://doi.org/10.1111/obr.12570
https://www.ncbi.nlm.nih.gov/pubmed/28730613
https://doi.org/10.1079/PHN2001322
https://www.ncbi.nlm.nih.gov/pubmed/12186665
https://doi.org/10.1046/j.1365-277X.2001.00281.x
https://doi.org/10.1002/oby.22591
https://www.ncbi.nlm.nih.gov/pubmed/31544344
https://doi.org/10.4178/epih.e2022024
https://www.ncbi.nlm.nih.gov/pubmed/35209710
https://doi.org/10.47102/annals-acadmedsg.2020183
https://www.ncbi.nlm.nih.gov/pubmed/33990818
https://doi.org/10.1017/S1368980018003002
https://doi.org/10.5993/AJHB.28.5.6
https://www.ncbi.nlm.nih.gov/pubmed/15482973
https://doi.org/10.1038/sj.ijo.0803704
https://www.ncbi.nlm.nih.gov/pubmed/17700580


Appl. Sci. 2023, 13, 8185 10 of 11

18. Bulik, C.M.; Wade, T.D.; Heath, A.C.; Martin, N.G.; Stunkard, A.J.; Eaves, L.J. Relating body mass index to figural stimuli:
Population-based normative data for Caucasians. Int. J. Obes. 2001, 25, 1517–1524. [CrossRef]

19. Sorensen, T.; Stunkard, A.J. Does obesity run in families because of genes? An adoption study using silhouettes as a measure of
obesity. Acta Psychiatr. Scand. 1993, 370, 67–72. [CrossRef]

20. Direcção-Geral da Saúde. Orientação no 017/2013 de 05/12/2013—Avaliação Antropométrica no Adulto. Direcção-Geral da
Saúde. 2013. Available online: https://www.dgs.pt/directrizes-da-dgs/orientacoes-e-circulares-informativas/orientacao-n-
0172013-de-05122013-pdf.aspx (accessed on 12 January 2018).

21. Stewart, A.; Marfell-Jones, M. International Standards for Anthropometric Assessment, 3rd ed.; International Society for the Advance-
ment of Kinanthropometry: Lower Hutt, New Zealand, 2011.

22. World Health Organization. Physical Status: The Use and Interpretation of Anthropometry: Report of a World Health Organization Expert
Committee; World Health Organization: Geneva, Switzerland, 1995. Available online: http://www.who.int/iris/handle/10665/
37003 (accessed on 12 January 2018).

23. Hall, W.L.; Larkin, G.L.; Trujillo, M.J.; Hinds, J.L.; Delaney, K.A. Errors in weight estimation in the emergency department:
Comparing performance by providers and patients. J. Emerg. Med. 2004, 37, 219–224. [CrossRef]

24. Breuer, L.; Nowe, T.; Huttner, H.B.; Blinzler, C.; Kollmar, R.; Schellinger, P.D.; Schwab, S.; Köhrmann, M. Weight approximation in
stroke before thrombolysis—The WAIST-Study. Stroke. 2010, 41, 2867–2871. [CrossRef]

25. Corbo, J.; Canter, M.; Grinberg, D.; Bijur, P. Who should be estimating a patient’s weight in the emergency department? Acad.
Emerg. Med. 2005, 12, 262–266. [CrossRef] [PubMed]

26. Menon, S.; Kelly, A.M. How accurate is weight estimation in the emergency department? Emerg. Med. Australas. 2005, 17, 113–116.
[CrossRef] [PubMed]

27. Khan, C.A.; Oman, J.A.; Rudkin, S.E.; Anderson, C.L.; Sultani, D. Can ED staff accurately estimate the weight of adult patients?
Am. J. Emerg. Med. 2007, 25, 307–312. [CrossRef] [PubMed]

28. Lin, B.W.; Yoshida, D.; Quinn, J.; Strehlow, M. A better way to estimate adult patients’ weights. Am. J. Emerg. Med. 2009, 27,
1060–1064. [CrossRef] [PubMed]

29. Lessing, J.K.; Ford, W.J.H.; Steel, P.A.; Clark, S.; Sharma, R.; Arbo, J.E. Use of Physician-Estimated and Patient Self-Reported
Weights to Guide Initial Fluid Resuscitation in Emergency Department Patients With Suspected Sepsis. J. Intensive Care Med. 2021,
36, 793–797. [CrossRef]

30. Thomas, R.A.; Empey, J.A.; Seth, S.; Crozier, J. Guess the weight: The accuracy of estimated weight for surgical admissions—A
comparison study. Scott. Med. J. 2019, 64, 56–61. [CrossRef]

31. Ikeda, N. Validity of self-reports of height and weight among the general adult population in Japan: Findings from National
Household Surveys, 1986. PLoS ONE. 2016, 11, e0148297. [CrossRef]

32. Johnson-Taylor, W.L.; Fisher, R.A.; Hubbard, V.S.; Starke-Reed, P.; Eggers, P.S. The change in weight perception of weight status
among the overweight: Comparison of NHANES III (1988–1994) and 1999-2004 NHANES. Int. J. Behav. Nutr. Phys. Act. 2008, 5, 9.
[CrossRef]

33. Aylward, L.L.; Schneider, K.L.; Sanchez-Johnsen, L. Misreporting Weight and Height Among Mexican and Puerto Rican Men.
Am. J. Mens. Health 2021, 15, 15579883211001198. [CrossRef]

34. Haakstad, L.A.H.; Stensrud, T.; Gjestvang, C. Does Self-Perception Equal the Truth When Judging Own Body Weight and Height?
Int. J. Environ. Res. Public Health 2021, 18, 8502. [CrossRef]

35. Drieskens, S.; Demarest, S.; Bel, S.; Ridder, K.D.; Tafforeau, J. Correction of self-reported BMI based on objective measurements: A
Belgian experience. Arch. Public Health 2018, 76, 10. [CrossRef] [PubMed]

36. Cornelissen, K.; Gledhill, L.J.; Cornelissen, P.L.; Tovée, M.J. Visual biases in judging body weight. Br. J. Health Psychol. 2016, 21,
555–569. [CrossRef] [PubMed]

37. Oldham, M.; Robinson, E. Visual body size norms and the under-detection of overweight and obesity. Obes. Sci. Pract. 2017, 4,
29–40. [CrossRef]

38. Robinson, E.; Kersbergen, I. Overweight or about right? A norm comparison explanation of perceived weight status. Obes. Sci.
Pract. 2017, 3, 36–43. [CrossRef] [PubMed]

39. Oldham, M.; Robinson, E. Visual weight status misperceptions of men: Why overweight can look like a healthy weight. J. Health
Psychol. 2016, 21, 1768–1777. [CrossRef]

40. Muttarak, R. Normal¬ization of Plus Size and the Danger of Unseen Overweight and Obesity in England. Obesity 2018, 26,
1125–1129. [CrossRef]

41. Lancki, N.; Siddique, J.; Schneider, J.A.; Kanaya, A.M.; Fujimoto, K.; Dave, S.S.; Puri-Taneja, A.; Kandula, N.R. Social network
body size is associated with body size norms of South Asian adults. Obes. Med. 2018, 11, 25–30. [CrossRef]

42. Opie, C.A.; Glenister, K.; Wright, J. Is social exposure to obesity associated with weight status misperception? Assessing
Australians ability to identify overweight and obesity. BMC Public Health 2019, 19, 1222. [CrossRef]

43. Chan, A.W.Y.; Noles, D.L.; Utkov, N.; Akbilgic, O.; Smith, W. Misalignment between perceptual boundaries and weight categories
reflects a new normal for body size perception. Sci. Rep. 2021, 11, 10442. [CrossRef]

44. Ata, R.N.; Thompson, J.K. Weight bias in the media: A review of recent research. Obes. Facts. 2010, 3, 41–46. [CrossRef]

https://doi.org/10.1038/sj.ijo.0801742
https://doi.org/10.1111/j.1600-0447.1993.tb05363.x
https://www.dgs.pt/directrizes-da-dgs/orientacoes-e-circulares-informativas/orientacao-n-0172013-de-05122013-pdf.aspx
https://www.dgs.pt/directrizes-da-dgs/orientacoes-e-circulares-informativas/orientacao-n-0172013-de-05122013-pdf.aspx
http://www.who.int/iris/handle/10665/37003
http://www.who.int/iris/handle/10665/37003
https://doi.org/10.1016/j.jemermed.2004.04.008
https://doi.org/10.1161/STROKEAHA.110.578062
https://doi.org/10.1197/j.aem.2004.10.005
https://www.ncbi.nlm.nih.gov/pubmed/15741592
https://doi.org/10.1111/j.1742-6723.2005.00701.x
https://www.ncbi.nlm.nih.gov/pubmed/15796724
https://doi.org/10.1016/j.ajem.2006.08.010
https://www.ncbi.nlm.nih.gov/pubmed/17349905
https://doi.org/10.1016/j.ajem.2008.08.018
https://www.ncbi.nlm.nih.gov/pubmed/19931751
https://doi.org/10.1177/0885066620917902
https://doi.org/10.1177/0036933018805657
https://doi.org/10.1371/journal.pone.0148297
https://doi.org/10.1186/1479-5868-5-9
https://doi.org/10.1177/15579883211001198
https://doi.org/10.3390/ijerph18168502
https://doi.org/10.1186/s13690-018-0255-7
https://www.ncbi.nlm.nih.gov/pubmed/29441203
https://doi.org/10.1111/bjhp.12185
https://www.ncbi.nlm.nih.gov/pubmed/26857215
https://doi.org/10.1002/osp4.143
https://doi.org/10.1002/osp4.89
https://www.ncbi.nlm.nih.gov/pubmed/28392930
https://doi.org/10.1177/1359105314566257
https://doi.org/10.1002/oby.22204
https://doi.org/10.1016/j.obmed.2018.06.001
https://doi.org/10.1186/s12889-019-7556-9
https://doi.org/10.1038/s41598-021-89533-5
https://doi.org/10.1159/000276547


Appl. Sci. 2023, 13, 8185 11 of 11

45. Schwartz, M.B.; Chambliss, H.O.; Brownell, K.D.; Blair, S.N.; Billington, C. Weight bias among health professionals specializing in
obesity. Obes. Res. 2003, 11, 1033–1039. [CrossRef] [PubMed]

46. Caccamese, S.M.; Kolodner, K.; Wright, S.M. Comparing patient and physician perception of weight status with body mass index.
Am. J. Med. 2002, 112, 662–666. [CrossRef] [PubMed]

47. Goutelle, S.; Bourguignon, L.; Bertrand-Passeron, N.; Jelliffe, R.W.; Maire, P. Visual estimation of patients’ body weight in hospital:
The more observers, the better? Pharm. World Sci. 2009, 31, 422–425. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1038/oby.2003.142
https://www.ncbi.nlm.nih.gov/pubmed/12972672
https://doi.org/10.1016/S0002-9343(02)01104-X
https://www.ncbi.nlm.nih.gov/pubmed/12034417
https://doi.org/10.1007/s11096-009-9295-y
https://www.ncbi.nlm.nih.gov/pubmed/19387861

	Introduction 
	Materials and Methods 
	Participant Selection and Recruitment 
	Recruitment and Training of the Observers 
	Procedures for Data Collection 
	Measures Estimated by Observation 
	Anthropometric Measures 

	Statistical Analyses 

	Results 
	Demographic and Anthropometric Measurements of Observers and Participants 
	Associations between Measured and Estimated Weight and Height 
	Validity of Estimating BMI by Trained Observers 
	Inter-Observer Reliability Analysis 

	Discussion 
	Conclusions 
	References

