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Summary

Obesity is a rapidly increasing public health problem, with surveillance most often
based on self-reported values of height and weight. We conducted a systematic
review to determine what empirical evidence exists regarding the agreement
between objective (measured) and subjective (reported) measures in assessing
height, weight and body mass index (BMI). Five electronic databases were
searched to identify observational and experimental studies on adult populations
over the age of 18. Searching identified 64 citations that met the eligibility criteria
and examined the relationship between self-reported and directly measured height
or weight. Overall, the data show trends of under-reporting for weight and BMI
and over-reporting for height, although the degree of the trend varies for men and
women and the characteristics of the population being examined. Standard devi-
ations were large indicating that there is a great deal of individual variability in
reporting of results. Combining the results quantitatively was not possible because
of the poor reporting of outcomes of interest. Accurate estimation of these
variables is important as data from population studies such as those included in
this review are often used to generate regional and national estimates of over-
weight and obesity and are in turn used by decision makers to allocate resources
and set priorities in health.
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Introduction

and 8% in children (6). The health costs of obesity in
Canada represent 2.2% of total healthcare costs (7).

Height and weight are important indicators of population
health because of their role in calculating the body mass
index (BMI), a common measure of obesity (1). Obesity
rates have been on the rise in many countries over the last
several decades, and more than doubled in Canada over
the 13-year period from 1985 to 1998 (2). Internationally,
the World Health Organization has declared that obesity
has reached epidemic proportions (3) and that it will be
one of the greatest challenges and risk factors for chronic
disease in this century (4). Recent evidence indicates that
the prevalence of obesity in Canada is 23% in adults (35)
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Self-report measures are one of the most common ways
to collect data on height and weight and have consistently
been shown to be associated with mortality and morbidity
(8-10). Self-reports have the advantages of practicality and
low cost, they are quick and easy to administer and are a
good method for sampling large numbers of individuals.
However, the tools are subject to certain limitations: ques-
tions may be misunderstood, participants may not accu-
rately recall past events and response bias e.g. social
desirability or response acquiescence are not uncom-
mon (11).
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Social desirability is particularly problematic with sensi-
tive questions (e.g. about weight or obesity) and can be
influenced by the method of data collection (12-14). For
example, in the Canadian Community Health Survey, one
of Canada’s largest national health surveys (15), the pro-
portion of respondents reporting being obese (based on
self-reported values of height and weight) was estimated to
be 18% for those who were interviewed in person com-
pared with an estimate of only 13% for those who were
asked the same questions by phone (16). These inconsis-
tencies can be even more pronounced when for operational
and budgetary reasons survey modes do not stay consistent
over time. Similarly, changes in question wording or
respondent characteristics among surveys, or within a sur-
vey over time, also have the potential to impact the quality
of self-reported estimates. These issues make it difficult to
get accurate self-reported estimates of height, weight and
obesity over time. Compounding the problem is the fact
that the influence of social desirability on self-reports has
the potential to change over time as social and cultural
norms about weight and obesity change.

Because of the limitations associated with self-report
measures, objective or direct measures have been recom-
mended to improve measurement precision. Despite the
benefits, the costs of this type of measurement are often
prohibitively high, particularly in population research
where the samples are large. The intrusive nature of the
measures also has the potential to impact response rates
and contribute to attrition or bias. As well, such measures
often require special training of interviewers for accurate
administration and classification.

In order to ensure that researchers are employing the
most appropriate tools in their research and to ensure that
decision making is based upon the best available evidence,
the degree of accuracy of self-reported measures needs to
be determined. We conducted this systematic review to
determine what empirical evidence exists regarding the
concordance of objective and subjective measures in assess-
ing height and weight. The primary objective was to com-
pare direct vs. self-report measures for assessing height and
weight in observational and experimental studies of adult
populations. A secondary objective was to examine how
the use of self-report and direct measures of height and
weight impact on estimates of the prevalence of obesity
and overweight, as measured by the BMI. Although it is
recognized that BMI is only one of many methods used to
measure obesity, it is employed in this review because
it can be directly calculated from weight and height
measurements.

Criteria for considering studies for this review

Any observational or experimental studies that included a
direct comparison of self-report and objective measures for

the outcomes of interest were eligible for inclusion. All
study designs were eligible (e.g. retrospective, prospective,
case control) and both published and unpublished litera-
ture was examined.

Only studies on adult populations over the age of
18 years were considered. Children were excluded as they
are still in an important stage of development where vari-
ables such as weight may change over short periods of time.
It has also been suggested that reporting error in children
and adolescents may be of a different nature than that in
adults (17).

Any form of weight or height measurement whether by
portable or balance beam scale, stadiometer, tape measure
or other technique was eligible for inclusion. Likewise, any
form of self-reporting technique could be included (e.g.
interviewer administered, self-complete). Proxy reporting
(when one individual responds for another) was not eligible
for inclusion.

Search strategy for identification of studies

The following electronic bibliographical databases were
searched:

e MEDLINE - from 1966 to January Week 4 2006;

e EMBASE - from 1980 to Week 4 2006;

e CINAHL - from 1982 to December Week 2 20035;

e PsycINFO - from 1806 to January Week 4 2006;

e Health and Psychosocial Instruments (HAPI) — from
1985 to September 2005;

e SPORTDiscus — from 1830 to January 2006.

The search strategy used for searching MEDLINE is
provided as an example (see Table 1) but was modified
according to the indexing systems of other databases. No
language of publication restrictions was imposed. The Ovid
interface was used for all electronic searches. Grey litera-

Table 1 MEDLINE search strategy

1 objective measure$.mp.

2 direct measure$.mp.

3 physical measure$.mp.

4 measured weight.mp.

5 measured height.mp.

6 exp Self Concept/

7 self report$.mp.

8 body weight/or body weight changes/or overweight/or thinness/
9 Body Height/
10 height.mp.
11 weight.mp. or ‘Weights and Measures’/
12 lor2or3or4orb
13 6or7
14 8or9or10or 11
15 12 and 13 and 14
16 limit 15 to humans
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Journal compilation © 2007 The International Association for the Study of Obesity. obesity reviews 8, 307-326



obesity reviews

Comparison of self-report and direct measures

S. Connor Gorber et al. 309

ture, such as published abstracts/proceedings, published
lists of theses and dissertations, and government reports
were also identified where possible.

Methods of the review

Selecting citations

Titles and abstracts of potentially relevant citations were
first reviewed to assess adherence to the inclusion criteria.
The full text of all articles that met the criteria was then
further screened by two independent reviewers (SCG, BG).
Searches of the bibliographies of texts were also performed
in order to identify additional studies, which were subse-
quently retrieved. The two reviewers examined the full text
versions of remaining citations and selected those that met
the inclusion criteria for the study. There were no disagree-
ments about inclusion.

Data extraction

Standardized data extraction forms were completed by one
reviewer (SCG) and verified by the other (BG). Information
was extracted on the type of study, participant character-
istics, sample size, methods of weight, height and BMI
measurement, time between self-report and direct measure-
ment, measurement setting, tools and equipment, order of
measures, and results (means and mean differences between
measures, measures of variance). Reviewers were not
blinded to the authors or journals when extracting data.
The data extraction form is found in Appendix I.

Quality assessment

Because both experimental and observational study designs
were included in this review, two tools were used to assess
quality. Jadad’s scale (18) was used to assess the quality of
randomized controlled trials and the Downs and Black (19)
tool was used to assess the quality of non-randomized
designs. The Jadad scale includes three items assessing the
quality of randomization generation, blinding and drop-
outs and withdrawals. The scale ranges from 0 to 5 with
higher scores indicating higher quality. The Downs and
Black instrument was one of six instruments recommended
(20) for use in systematic reviews of non-randomized
studies. The Downs and Black instrument was selected as
it contained the highest number of relevant items for the
needs of this review. However, as not all items were relevant
to the studies included in this review (many of which were
based on surveys), a modified version of the checklist was
employed with the following items omitted: items 5 and 8
in the reporting scale, items 11, 15 and 19 in the section
on bias, items 21-26 relating to confounding and item 27
addressing power. The final checklist was made up of 15

© 2007 The Authors

items with a maximum score of 15 points (with higher
points indicating superior quality) rather than the original
32 points. The checklist covered the categories of reporting,
external validity and internal validity (bias).

Results

Description of studies

A total of 328 citations were identified based on the pre-
liminary search of electronic databases, reference lists and
grey literature (see Fig. 1). Of these 137 were identified in
MEDLINE, an additional 35 in EMBASE, 117 in
CINAHL, 16 in PsycINFO and one in SPORTDiscus.
Searching HAPI did not uncover any citations that had not
been previously identified. Searching bibliographies of key

Potentially relevant citations identified and
screened for retrieval n = 328

Electronic searches n = 306

Back referencing n = 18

Reviewer nominated n =3

Grey literature n = 1

Citations excluded based on abstract and
title review n =213

Reasons: population under 18, proxy
reporting, not comparing SR and DM, direct
comparison of SR and DM but not for
outcomes of interest, examined perceived or
ideal weight rather than actual weight, time
trend studies (SR at T1 and DM at T2).

Full text of studies retrieved for more
detailed evaluation n = 115.

Studies excluded n =51 :
Reasons: population under 18 n = 20, |
comparison of outcomes other than actual 1
height and weight (e.g. ideal weight, |
perceived weight, categorical weight status, :
body image, weight change) n = 10, no |
comparison of SR and DM of Wand Hn =35, 1
summary or review article n = 4, weights !
based on recall n = 4, SR and DM data from :
different populations n = 3, duplicate |
publication n = 2, analysis of same 1
database = 2, commentary n = 1. !

Relevant citations for inclusion
n=064

Electronic databases n = 46
Reference lists n =17

Reviewer nominated n = 1

Figure 1 Results of the literature search. DM, direct measure; H, height;
SR, self-report; W, weight.
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articles, mostly Engstrom (21) who had conducted a review
examining the concordance between self-reported and
directly measured height and weight in women yielded an
additional 18 citations. The three reviewer nominated cita-
tions were discovered during searching. The one citation
that was included from the grey literature search was pub-
lished by Statistics Canada.

In total, 115 full text articles were retrieved for detailed
assessment. Of these 64 met the criteria for study inclusion
(see Table 2). Common reasons for excluding studies
included a focus on outcomes other than height and weight,
a focus on children or adolescents,’ not having both
directly measured and self-reported data within the same
study on the same population and examining ideal or per-
ceived weight or height rather than actual values.

Four of the articles (17,22-24) analysed data from the
same database, the National Health And Nutrition Exam-
ination Survey (NHANES), three of which looked at the
data from the NHANES III cohort collected between 1988
and 1994. NHANES is ‘a program of studies designed to
assess the health and nutritional status of adults and chil-
dren in the United States’ (25) (p. 2). In order to prevent
double counting, only one of the NHANES III studies (22)
was retained. Kuczmarski was selected because it had the
most comprehensive outcome reporting (it provided mean
differences with corresponding measures of variance).
Rowland’s (17) data were based on the NHANES II cohort
collected from 1976 to 1980, and therefore, there are no
concerns about overlap.

Also requiring clarification is the inclusion of Stunkard
and Albaum (26) and Schlichting ez al. (27), both published
in 1981. Stunkard examined data that were collected on
subjects at eight different medical and non-medical sites in
two countries (Denmark and the United States). Schlich-
ting’s study examined the same dataset but focused on
analysis of the Danish data only. Hence, Stunkard’s
mean difference values for weight were used in this review,
because they were more comprehensive, but because they
did not report any results on height, Schlichting’s data for
the height outcome were also included.

Of the 64 studies that were retained, 60 used different
types of observational designs (17,22,26-83) (e.g. case
control, cross-sectional), two used experimental designs
(84,85), one was a letter (86) and there was one unpub-
lished dissertation (87). Two studies were in languages
other than English (Portuguese (81) and Spanish (82)).
Studies that were included were published over a 26-year
period between 1979 and 2005. The primary aim of the
articles differed but each compared direct measures of
height or weight with their self-reported counterparts.

'The database search was not restricted to adults, as this would have
excluded some studies (e.g. LeJdarraga et al. (28)) that examined the
characteristics of both children and their parents.

Participants in the studies ranged from 10 to over
60 years, with the oldest participant reported to be 89 years
old. Although the focus of the review is on those aged
18 years and over, studies that had a range of ages less than
18 years were not excluded as long as the mean age of the
majority of the population was over 18 years. The study
by Allison et al. (29), for example, had an age range of 10—
67 years but a mean age of 38.5+12.0 years. A decision
was made to include this study because only a small number
of cases fell below the 18-year cut-off. Sample size ranged
from a low of 44 in the dissertation (87) to a high of over
16 000 in Kuczmarski’s NHANES analysis (22).

The majority of studies reported which tools were used
to measure the weight and height of participants in the
various studies, but 23 studies provided no information
about what equipment was used to take the measurements
(the two non-English language publications were not
assessed on these characteristics). When data on measure-
ment tools were reported, height was most commonly mea-
sured by stadiometer, anthropometer, or some type of
measuring tape or ruler, and a variety of scales (balance
beam, digital, or portable) were used to measure weight.
Most studies provided information about what partici-
pants wore during the measurements, which was usually
light indoor clothes and no shoes. In six studies
(30,47,52,59,60,61), participants wore only undergar-
ments and in another six, they were measured and weighed
in hospital gowns (17,22,55,57,66,75). In one study
focused on height (44), participants were purposely given
no instructions about whether shoes should be worn for
the measurement as authors wanted to capture how the
participants presented themselves to the world. Sixteen
studies did not describe the clothing worn by participants.

Self-report data were most often collected by question-
naire (either by mail, telephone or most often in person)
with 16 studies collecting data in an interview. Self-reports
were conducted prior to the direct measurement in over
80% of studies. In two studies (36,43), the sample was
divided into two groups with one undergoing the direct
measurement before the self-report and the other complet-
ing the self-report first. Only one study (49) consistently
measured participants before the self-report was completed.
Five studies (42,53,61,68,83) did not provide enough infor-
mation to determine which came first. Twenty-five studies
collected the direct measurement with the captured self-
report immediately afterwards, with Roberts (66) report-
ing the longest delay between measures (3-8 months).

Quality assessment

Results of the quality assessment are presented in
Table 3. Quality was assessed on 60 of the studies.
Zhang’s letter (86) was not assessed, because although it
presented data, it did not provide enough information to

© 2007 The Authors
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Table 3 Quality assessment of studies

Observational studies: assessed with Downs and Black quality assessment tool (19)

ID Study - first author Quality scores (value)
(reference)
Reporting External Internal Total
(8) validity (3) validity (4) (15)
1 Allison 1998 (29) 7 1 4 12
2 Alvarez-Torices 1993 (30) 8 3 4 15
3 Avila-Funes 2004 (31) 8 2 4 14
5 Bolton-Smith 2000 (32) 7 2 3 12
6 Booth 2000 (33) 5 2 4 iRl
7 Bostrom 1997 (34) 6 2 4 12
8 Brown 2002 (35) 7 1 4 12
9 Brunet 2003 (87) 6 1 4 iR
10 Cash 1989 (36) 5 0 3 8
11 Chor 1999 (37) 6* 1 4 11
13 de Araujo 2003 (58) 6 1 4 iRl
14 DelPrete 1992 (38) 7 3 4 14
15 Doll 1998 (39) 7 1 3 ihl
16 Fonseca 2004 (40) 7 2 4 13
17 Forster 1988 (41) 6 2 3 iRl
18 Giles 1991 (42) 5 0 3 8
19 Gunnell 2000 (43) 8 2 3 13
20 Hensley 1998 (44) 5 1 4 10
21 Hill 1998 (45) 4 2 3 9
22 Imrhan 1996 (46) 5 1 4 10
23 Jacobson 2001 (47) 7 1 4 12
24 Jalkanen 1987 (48) 7 2 4 13
25 Kinney 1988 (49) 7 1 4 12
26 Klag 1993 (50) 8 1 4 13
27 Kuczmarski 2001 (22) 6 2 3 iR
28 Kuskowska-Wolk 1989 (52) 8 3 4 15
29 Kuskowska-Wolk 1992 (51) 7 2 3 12
30 Lackland 1990 (53) 3 0 3 6
31 Larson 2000 (54) 6 0 3 9
32 Lawlor 2002 (55) 8 2 4 14
33 LeJdarraga 1995 (28) 7 2 4 13
34 Masheb 2001 (56) 7 1 3 iRl
35 McCabe 2001 (57) 7 1 4 12
36 Nakamura 1999 (59) 7 1 4 12
37 Nawaz 2001 (60) 8 0 4 12
38 Niedhammer 2000 (61) 7 2 3 12
39 Nieto-Garcia 1990 (62) 5% 2 3 10
41 Palta 1982 (63) 6 1 4 11
42 Payette 2000 (64) 8 1 4 13
43 Pirie 1981 (65) 6 2 4 12
45 Roberts 1995 (66) 5* 0 3 8
46 Rona 1989 (67) 7 1 3 ihl
47 Rowland 1990 (17) 7 3 3 13
48 Santillan 2003 (68) 5 0 3 8
49 Schlichting 1981 (27) 5 1 3 9
50 Schmidt 1993 (69) 7 1 4 12
51 Smith 1992 (70) 8 1 4 13
52 Spencer 2002 (71) 7 1 4 12
53 Stewart 1982 (72) 6 2 3 "
54 Stewart 1987 (73) 7 3 4 14
55 Stunkard 1981 (26) 5 1 3 9
56 Tell 1987 (74) 7 1 4 12
57 Tienboon 1992 (75) 7 1 4 12
58 Vailas 1998 (76) 7 2 4 13
59 van der Voort 2000 (77) 7 1 4 12
60 Wada 2005 (78) 6 3 3 12
62 Wing 1979 (79) 5 1 3 9
64 Ziebland 1996 (80) 5* 0 3 8
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Table 3 Continued

Experimental studies: assessed with Jadad quality assessment tool (18)

Quality score (max 5)

4 Black 1998 (85)

40 O’Connell 2005 (84)

Not assessed

Reason

12 Clemente 2004 (81)
44 Quiles 1996 (82)
61 Wang 1997 (83)
63 Zhang 1993 (86)

foreign language
foreign language
not enough data provided to assess quality
not enough data provided to assess quality

*These studies reported no P-values, and were therefore given a score of 0 for item 10 on reporting probability values.

determine a quality assessment. Similarly, Wang (83),
which was mostly a review article with some new analy-
ses presented, lacked information for an appropriate
quality score to be calculated. Quality scores were also
not computed for the two non-English language articles.
Of the articles that remained, 58 were assessed with the
Downs and Black checklist and two using the Jadad
scale. The range on the Downs and Black tool was 6 to
15 (maximum possible score was 15) with a mean of
11.4+1.9.

Citations were assessed based on the degree to which
they presented data relating to the outcomes studied in this
review (e.g. height and weight) even if these were only
secondary outcomes in the studies. Common gaps in report-
ing included not clearly describing the intervention of inter-
est (e.g. the method of height or weight measurement), not
presenting simple outcome data such as the mean weight
or height in the self-reported and measured groups so that
major analyses and conclusions could be verified and not
reporting the associated measures of random variability.
Although most studies carried out some sort of significance
testing, many did not report the actual probability values,
which resulted in the deduction of a point.

Thirteen per cent of studies received no points in the
external validity category while 57% received one point or
less. Most of the point losses were due to a lack of repre-
sentativeness of the samples, with participants who were
asked or those who agreed to participate not being repre-
sentative of the entire population from which they were
recruited. No study lost more than one point in the internal
validity checklist, with over half receiving perfect scores in
this category. Most deductions resulted from not adjusting
for different lengths of follow-up of subjects in the analyses
(e.g. if the delay between self-report and direct measures
was excessively long — over 4 weeks — and was not consis-

© 2007 The Authors

tent from subject to subject). Points were also deducted on
item 18 when mean differences were not calculated or
could not be calculated from the data.

The two experimental studies were assessed with the
Jadad scale. Black et al. (85) received one point for describ-
ing the study as randomized and O’Connell et al. (84)
received one point for describing the study as randomized,
one point for describing withdrawals and dropouts and an
additional point because the method of randomization
(random numbers table) was an appropriate randomization
technique.

Assessing quality, particularly in observational study
designs, is not without flaws. Even the items on the
Downs and Black checklist, which was developed for
non-randomized designs, did not always apply to the
studies in this review, and at times the interpretation of
items had to be modified in order to apply them to the
included studies.

Height

Fifty-three studies contained data on self-reported and
measured height and these are displayed in Table 4. The
table presents the mean differences between self-reported
and measured height (SR-DM) for the overall sample as
well as the breakdowns for males and females (in some
cases, the actual mean difference was provided and in oth-
ers it was calculated by subtracting the directly measured
value from the self-reported value). What is most appar-
ent from examining the table is the lack of data that are
presented on the key outcomes, even in many studies
where the goal was to compare measured and reported
height. Only 28 of the studies provided both mean differ-
ences (either by sex or overall) and a corresponding mea-
sure of variance, which are required for pooling data.

Journal compilation © 2007 The International Association for the Study of Obesity. obesity reviews 8, 307-326
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Table 4 Mean differences in height (self-report—direct measure)

ID Study - first author Mean difference (cm)
(reference)
Total SD Men SD Women SD
(95% ClI) (95% ClI) (95% ClI)
General population
2 Alvarez-Torices 1993 (30) 2.2 (1.9, 2.6) 2.3 (1.9, 2.7) 2.2 (1.6, 2.7)
3 Avila-Funes 2004 (31) 1.7 - 1.2 - 2.2 -
5 Bolton-Smith 2000 (32) - - -1.3 25 -1.7 2.4
6 Booth 2000 (33) - - - - - -
7 Bostrom 1997 (34) 0.7 (0.6, 0.8) 0.6 - 0.8 -
8 Brown 2002 (35) 0.6 - - - - -
27 Kuczmarski 2001 (22) 20-59 years - - 1.0 0.1 0 0.1
29 Kuskowska-Wolk 1992 (51) - - 0.5 - 1.0 -
30 Lackland 1990 (53) - - - - - -
31 Larson 2000 (54) 0.9 - - - - -
44 Quiles 1996 (82) 1.0 - 0.6 - 1.4 -
45 Roberts 1995 (66) - - 1.4 2.3 0.7 2.8
47 Rowland 1990 (17) - - 1.4 2.6 0.6 2.8
52 Spencer 2002 (71) - - 1.2 2.6 0.6 2.7
54 Stewart 1987 (73) 1.9 (1.8, 2.1)* 21 1.6 -
61 Wang 1997 (83) - - - - - -
64 Ziebland 1996 (80)
BMI < 20 - - 0.6 - 0.4 -
BMI 20-24 - - 0.9 (0.6, 1.2) 0.9 (0.5,1.2)
BMI 25-29 - - 1.0 (0.7,1.2) 1.1 (0.9, 1.4)
BMI > 30 - - 1.6 (1.0, 2.1) 1.6 (1.2, 2.0)
Overweight or weight loss participants
1 Allison 1998 (29) 15 - 1.7 - 15 -
14 DelPrete 1992 (38) 1.8 2.7 3.0 25 1.3 2.6
37 Nawaz 2001 (60)
25 <BMI < 30 NA NA NA NA 0.1 0.4
30<BMI<35 NA NA NA NA 0 0.9
35 <BMI <40 NA NA NA NA 0.3 1.0
BMI > 40 NA NA NA NA 0.9 0.9
Special populations
13 de Araujo 2003 (58) - - 1.0 - 0.6 -
21 Hill 1998 (45) 7.5 (4.8, 10.0) - - - -
26 Klag 1993 (50) 1.4 0.3" - - - -
28 Kuskowska-Wolk 1989 (52) - - 0.9 - 1.9 -
39 Nieto-Garcia 1990 (62)* 0.6 (0.6, 0.6) 0.9 (0.9, 1.0) 0.3 (0.3,0.4)
41 Palta 1982 (63) - - 23 27 0.9 2.4
42 Payette 2000 (64) 5.0 - 5.0 - 5.0 -
43 Pirie 1981 (65) - - 0.2 - -0.3 -
48 Santillan 2003 (68) - - - - - -
49 Schlichting 1981 (27) - - - - - -
58 Vailas 1998 (76) 2.0 3.6 1.5 3.8 2.3 3.6
Parents/families
33 LeJdarraga 1995 (28)
Private growth clinic - - 0.9 2.0 11 1.9
Public growth clinic - - -0.3 2.6 0.9 3.1
46 Rona 1989 (67)
Afro-Caribbean - - 0.2 6.5 2.9 1.2
Asian - - 0.6 4.2 4.5 6.2
Caucasian - - 3.9 8.8 -0.1 2.7
53 Stewart 1982 (72) 1.7 1.0 - - - -
57 Tienboon 1992 (75) - - 2.9 2.2 1.7 2.3
Eating disorders
15 Doll 1998 (39)
Healthy controls 0.2 (0.1, 0.5) - - - -
Bulimia nervosa 0 (-0.5,0.4) - - - -
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Table 4 Continued
ID Study - first author Mean difference (cm)
(reference)
Total SD Men SD Women SD
(95% Cl) (95% ClI) (95% ClI)
35 McCabe 2001 (57)
Anorexics 0.9 2.0 - - - -
Bulimics 11 2.0 - - - -
Dieters 1.7 2.3 - - - -
Non-dieters 2.0 2.6 - - - -
Students
9 Brunet 2003 (87) NA NA NA NA - -
12 Clemente 2004 (81) - - 1.2 2.2 2.7 2.3
20 Hensley 1998 (44) - - -0.7 - -0.9 -
22 Imrhan 1996 (46) - - - - - -
23 Jacobson 2001 (47) - - 1.0 - 0 -
62 Wing 1979 (79) - - - - - -
Employees
11 Chor 1999 (37)
Center branch - - 0 - 0 -
Internal services unit - - 0 - 0 -
General board - - 0 - 0 -
llha do governador branch - - 0 - 0 -
16 Fonseca 2004 (40) - - 0.2 3.2 1.1 3.0
18 Giles 1991 (42) - - 2.8 - 1.0 -
36 Nakamura 1999 (59) NA NA NA NA -0.1 0.7
38 Niedhammer 2000 (61) - - 0.4 (0.4, 0.4) 0.4 (0.5, 0.3)
60 Wada 2005 (78) - - 0.1 (0.1) 0 (0.1)
Elderly
19 Gunnell 2000 (43) - - 2.1 (1.6, 2.7) 17 (1.3, 2.2)
27 Kuczmarski 2001 (22) 60+ year - - 2.7 0.1 25 0.1
59 van der Voort 2000 (77) 2.0 - - - - -
63 Zhang 1993 (86) - - - - - -

*Represents the 99% ClI.

Standard error.

*Mean relative errors.

—, not reported; BMI, body mass index; NA, not applicable.

Only four provided data for the entire sample as well as
according to the sex breakdowns (Nakamura (59) and
Nawaz (60) were exceptions as these studies only exam-
ined women).

In the 18 studies that had mean error data for the overall
sample, height was overestimated in all but one (39). Doll
and Fairburn’s examination of healthy controls and indi-
viduals with bulimia nervosa found that while healthy con-
trols overestimated their height, there was no significant
difference between self-report and directly measured values
for those with bulimia. The mean error for the rest of the
studies ranged from a low of 0.6 cm (35,62) to a high of
7.5 cm (45). In those reports that had data on men, 29
studies reported that height was overestimated (range
0.1 cm—=5.0 cm) and in two it was underestimated (32,44)
(mean error of —1.3 cm and —0.7 cm respectively). Two
studies (28,37) had mixed results. LeJarraga (28) examined

© 2007 The Authors

parents of children attending growth clinics and found that
parents in private clinics overestimated their height, while
those from public clinics tended to slightly underestimate
their height. Chor’s (37) study of bank employees found no
difference between the self-reported and measured values.
Most studies also found that height was overestimated in
women except in four studies where height was underesti-
mated (32,44,59,65) and one that had mixed results (67).
Standard deviations of the differences between reported
and actual measures were large ranging from 0.1 cm in
both men and women (22) to 8.8 cm in men and to 11.2 cm
(67) in women. Studies that had data available for the
overall sample were also plotted on a forest plot (see
Fig. 2). The studies are ordered by sample size [smallest to
largest with the three studies that had long time lags
(34,45,72) (mean of over 1 month) plotted at the top of
the figure].
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Time Lag > 1 month
Hill, 1998 (2258)

Bostrom, 1997 (3208)
Stewart, 1982 (3373)

Time lag <1 month
Larson, 2000 (56)
Klag, 1993 (78)
DelPrete, 1992 (82)
Alison, 1998 (104) .
Vailas, 1998 (131)
McCabe, 2001 Non-dieters
(244) Dieters
Anorexic
Bulimic
Bulimic (102) —¢——
Healthy (204) | o—
Brown, 2002 (409) *
Payette, 2000 (475)
Alvarez-Torices, 1993 (572)
van der Voort, 2000 (1155)
Quiles, 1996 (1387)
Stewart, 1987 (1523)
Avila-Funes, 2004 (1707)
Nieto-Garcia, 1990 (7455)

Doll, 1998

-2 0 2

4 6 8 10

Mean difference (self-report — measured)

Figure 2 Mean differences in height for studies with available data on the total sample, in ascending order by sample size.

Weight

Table 5 displays the mean differences for weight for 56
studies that provided data on self-reported and measured
weight. With weight as an outcome, 14 studies provided
mean differences and associated variability measures for
the overall sample while 24 provided them for either men
or women as subgroups.

In examining the overall results, the tendency is for
weight to be underestimated except in two studies (in
Avila-Funes’s work (31) in a Mexican population and in
the anorexic sample of McCabe’s study (57) where weight
was overestimated). Similarly in studies reporting data sep-
arately for women, all but three found that women under-
estimated their weight when compared with the directly
measured values (0.1 kg (58) to —6.5 kg (60) in a study of
obese women with BMIs between 35 and 40 kg m?);
Avila-Funes (31) study of Mexican women, and the sub-
group of women in Ziebland’s study (80) who had BMIs
less than 20 reported overestimating their weight by
approximately 0.7 kg and 0.8 kg respectively, and Wada’s
analysis (78) of Japanese women found no difference
between the reported and measured values. The trend for
men was also in the direction of under-reporting with 27
of the 34 studies that calculated mean differences for
men finding that men under-reported their weight (range
—0.1 kg to =3.2 kg (80)). The range in standard deviations
was slightly smaller in weight than in height from 0.1 kg

in a large national American survey (22) to 4.5 kg in a
smaller study of veterans (49) in men and in women
ranged from 0.1 kg again in the national survey (22) to
10.1 kg in a small study of 96 obese women in the USA
(60). These values represent a significant deviation from
their measured values for some individuals. Figure 3
depicts a forest plot of the studies that had data available
for the overall sample; the studies with longer time lags are
plotted at the top.

Body mass index

Self-reported BMI is based on self-reports of both height
and weight and measured BMI is based on measured val-
ues of both of these variables. BMI values from Masheb
and Grilo (56) were not included since both their self-
report and measured BMIs were calculated from the same
directly measured height variable (i.e. self-reported height
was not collected). Twenty-nine studies are included in
Table 6, 18 reported mean difference and variability esti-
mates (either by sex or overall) to compare self-reported
BMI with the directly measured values. Eleven studies are
included in the forest plot (Fig.4). All but two studies
found that the tendency was for BMI to be underestimated
or accurately reported relative to the measured values.
The range for men was from no difference (78) to
-2.1 kg m™ (62) and for women ranged from no difference
(78) to -2.2kgm™ in Nawaz etal’s sample (60) of

© 2007 The Authors
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Table 5 Mean differences in weight (self-report-direct measure)

ID Study - first author Mean difference (kg)
(reference)
Total SD SD Women SD
(95% CI) Men (95% CI) (95% Cl)

General population

2 Alvarez-Torices 1993 (30) -0.6 (-0.9, -0.3) -0.2 (-0.5, +0.1) -0.9 (-1.4,-0.5)
3 Avila-Funes 2004 (31) 0.6 - 0.4 - 0.7 -
5 Bolton-Smith 2000 (32) - - -0.6 35 -1.0 2.6
6 Booth 2000 (33) - - - - - -
7 Bostrom 1997 (34) -12 (-1.4,-1.1) -0.7 - -16 -
24 Jalkanen 1987 (48) - - -0.4 3.0 -0.6 2.0
27 Kuczmarski 2001 (22) 20-59 years - - 0.4 0.1 -1.5 0.1
29 Kuskowska-Wolk 1992 (51) - - -1.0 - -15 -
30 Lackland 1990 (53) - - - - - -
31 Larson 2000 (54) - - -0.5 - - -
44 Quiles 1996 (82) -1.1 - -1.0 - -1.2 -
45 Roberts 1995 (66) - - -0.2 2.8 -1.1 2.6
47 Rowland 1990 (17) - - 0.4 3.0 -1.0 3.0
50 Schmidt 1993 (69) -0.1 3.2 0.3 - -0.3 -
52 Spencer 2002 (71) -1.9 2.9 -1.4 2.5
54 Stewart 1987 (73) -0.6 (-0.8, -0.4)*
55 Stunkard 1981 (26)
US site -1.2 - - - - -
Danish site < 40 - - -1.1 - -1.6 -
Danish site > 40 - - -1.3 - -2.5 -
64 Ziebland 1996 (80)
BMI < 20 - - 2.6 - 0.8 -
BMI 20-24 - - -0.1 - -0.5 (-0.7,-0.2)
BMI 25-29 - - -12 (-1.6, -0.9) -18 (-2.2, -1.5)
BMI > 30 - - -3.2 (-4.3,-2) -3.3 (-4.2, -2.4)
Overweight or weight loss participants
1 Allison 1998 (29) -1.4 - -3.0 - -0.9 -
14 DelPrete 1992 (38) -2.3 1.9 -2.1 1.5 2.4 1.9
37 Nawaz 2001 (60)
25<BMI <30 NA NA NA NA -0.3 4.6
30<BMI<35 NA NA NA NA -16 5.7
35 < BMI <40 NA NA NA NA -6.5 0.2
BMI > 40 NA NA NA NA -5.2 10.1
56 Tell 1987 (74) 2.7 3.2 -2.8 3.4 -2.3 25
Elderly
19 Gunnell 2000 (43) - - -1.9 (-2.7,-1.2) -1.2 (-1.7,-0.8)
27 Kuczmarski 2001 (22) 60+ years - - 0.5 0.1 -0.6 0.1
32 Lawlor 2002 (55) NA NA NA NA -1.0 (-1.1,-0.8)

63 Zhang 1993 (86) - - - - - -

Eating disorders

15 Doll 1998 (39)
Healthy controls -1.0 (-1.3,-0.7) - - - -
Bulimia nervosa -0.3 (-0.9, -0.2) - - - -
34 Masheb 2001 (56) -0.9 - - - - -
35 McCabe 2001 (57)
Anorexics 0.3 1.9 - - - -
Bulimics -0.6 2.0 - - - -
Dieters -3.5 2.9 - - - -
Non-dieters -1.1 2.9 - - - -
9 Brunet 2003 (87) NA NA NA NA =11 1.8
10 Cash 1989 (36) NA NA NA NA - -
12 Clemente 2004 (81) - - -0.3 3.0 -0.2 2.2
22 Imrhan 1996 (46) - - - - - -
23 Jacobson 2001 (47) - - 0.5 - -1.9 -
51 Smith 1992 (70) -16 37 - - - -

62 Wing 1979 (79) - - - - - -
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Table 5 Continued

ID Study - first author Mean difference (kg)
(reference)
Total SD SD Women SD
(95% ClI) Men (95% ClI) (95% ClI)
Employees
11 Chor 1999 (37)
Center branch - - -1.1 - -1.0 -
Internal services unit - - -1.3 - -0.7 -
General board - - -0.7 - -0.8 -
Ilha do governador branch - - -1.1 - -0.7 -
16 Fonseca 2004 (40) - - -1.0 35 -1 3.0
17 Forster 1988 (41) -2.3 - - - - -
36 Nakamura 1999 (59) NA NA NA NA -0.2 1.8
38 Niedhammer 2000 (61) - - -0.5 (-0.6, -0.5) -0.9 (-1.0,-0.7)
60 Wada 2005 (78) - - 0 (-0.1, 0) 0 (-0.1,0.2)
Parents/families
53 Stewart 1982 (72) -1.1 55 - - - -
57 Tienboon 1992 (75) - - -0.3 3.0 -1.2 25
Special populations
13 de Araujo 2003 (58) - - -0.9 - -0.1 -
21 Hill 1998 (45) -0.9 (-2.0, 0.3) - - - -
25 Kinney 1988 (49) NA NA -3.0 4.5 NA NA
26 Klag 1993 (50) -15 0.3 - - - -
28 Kuskowska-Wolk 1989 (52) - - -0.5 - -0.6 -
39 Nieto-Garcia 1990 (62)* -0.7 (0.8, -0.6) -0.3 (-0.5,-0.2) -1.0 (-1.1,-0.9)
41 Palta 1982 (63) - - -15 3.2 -2.4 4.0
42 Payette 2000 (64) -0.2 - 0.2 - -0.3 -
43 Pirie 1981 (65) - - -0.5 3.3 -1.9 3.0
48 Santillan 2003 (68) - - - - - -
58 Vailas 1998 (76) -0.5 3.1 -0.3 3.6 -0.7 29
Experimental design
4 Black 1998 (85)
Informed group -0.9 - - - - -
Uniformed group -1.3 - - - - -
40 O’Connell 2005 (84) -2.0 - - - - -

*Represents the 99% ClI.

Standard error.

*Mean relative errors.

—, not reported; BMI, body mass index; NA, not applicable.

women who had BMI values over 40. Standard deviations
were smaller than for the individual values of height and
weight ranging from 0 to 1.6 kg m™ for men and from 0 to
2.2 kgm™ for women. Bolton-Smith’s work (32), which
sampled the general population aged 25-64 years in Scot-
land from general practitioner’s registries, had results that
were inconsistent with this trend, finding instead that BMI
tended to be overestimated by a mean difference
0.2+1.4kgm™ in men and 0.2+ 1.3 kg m™ in women.
Quiles and Vioque’s (82) general population sample of
residents 15 and over also found BMI to be overestimated
in men by 0.5 kg m™ and in women by 0.9 kg m™ (stan-
dard deviations not provided).

Quantitative analysis

Quantitative analysis is possible when the data are suffi-
ciently consistent across studies in terms of statistical, clin-
ical and methodological characteristics. Tables 4-6 have
loosely grouped the studies according to their main popu-
lations of interest, and the quality assessment would permit
a further subdivision based on study quality. Because of
the substantial clinical and methodological inconsistency
across the study reports and the large amount of missing
data (i.e. mean differences and corresponding measures of
variance), we did not combine the data quantitatively.
Although all studies should be reporting mean differences
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Mean time lag > 1 month

Mean time lag < 1 month *

*

Hill, 1998 (2258)
Bostrom, 1997 (3208)
Stewart, 1982 (3373)

Forster, 1988 (28)
Klag, 1993 (78)
DelPrete, 1992 (82)
Smith, 1992 (103)

*

- Allison, 1998 (104)
* Masheb, 2001 (108)
° Vailas, 1998 (131)
Tell, 1987 (146)
O'Connell, 2005 (201)

Black, 1998 Uninformed
* (223) Informed
* McCabe, 2001 Non-dieters
- (244) Dieters
Anorexic
Bulimic
Bulimic (102)

Doll, 1998

*

Healthy (204)

Payette, 2000 (475)
Alvarez-Torices, 1993 (572)
Schmidt, 1993 (659)
Stunkard, 1981 (1302)
Quiles, 1996 (1387)

° Stewart, 1987 (1523)

< Avila-Funes, 2004 (1707)

-4

-2

Nieto-Garcia, 1990 (7455)
1

0 2

Mean difference (self-report — measured value)

Figure 3 Mean differences in weight for studies with available data on the total sample, in ascending order by sample size.

and variance estimates, some authors only report propor-
tions or correlation coefficients, which creates difficulties
for pooling the estimates. A small subset of authors was
contacted in an attempt to acquire missing data, but no
data were received to cover the information gaps.

Discussion

The trend in studies where data were available was for
height to be overestimated and weight and BMI to be
underestimated. This trend was evident for both women
and men. The size of the mean errors in weight varied
depending on the study and the population being exam-
ined. In many cases, they were relatively small but in some
instances, such as Ziebland’s study (80) of individuals with
BMIs over 30 and Nawaz’s (60) work with populations
with BMIs over 35, the mean differences in weight were
quite high (underestimated by 3-6 kg). In many of the
studies, the standard deviations were large indicating that
there is a great deal of individual variability in reporting of
results for all of the outcomes examined. This can have
important implications for clinical and population health
practice as even a small difference in body weight has the
potential to substantially modify the BMI classification,

© 2007 The Authors

which could mean that current obesity prevalence estimates
are underestimated.

The findings in this review are similar to those of Eng-
strom et al. (21) who reviewed the accuracy of height and
weight in women and adolescent females. They examined
26 studies on the accuracy of self-reported height and
found that in 21 of them height was overestimated. Simi-
larly, they found weight to be underestimated in all of the
34 studies that they reviewed on the accuracy of self-
reported weight. In addition, Bowman and Delucia (88)
conducted a meta-analysis of the accuracy of self-reported
weight and found that there was significant bias in the self-
reported measures, with a tendency for self-reported
weights to be underestimated. In spite of the trend in the
present review of weight and BMI being underestimated
and height being overestimated, there were too many gaps
in the data to undertake a quantitative analysis or to get a
comprehensive understanding of the relationship between
self-report and direct measures.

Although studies are for the most part of good quality,
Tables 4-6 highlight the degree to which there are gaps in
reporting; studies lack vital information that allow conclu-
sions to be verified and analyses replicated. Studies in this
review have been ongoing since 1979 and would have
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Table 6 Mean differences in BMI (self-report—direct measure)

ID Study - first author Mean difference (kg m™)
(reference)
Total SD Men SD Women SD
(95% CI) (95% Cl) (95% CI)

General population

2 Alvarez-Torices 1993 (30) -1.0 (-1.2,-0.8) -0.8 (-1.0, -0.6) -1.2 (-1.5,-0.9)
3 Avila-Funes 2004 (31) -0.4 - -0.3 - -0.5
5 Bolton-Smith 2000 (32) - - 0.2 1.4 0.2 1.3
6 Booth 2000 (33) - - - - - -
7 Bostrom 1997 (34) -0.7 (-0.7,-0.6) -0.4 - -0.9 -
27 Kuczmarski 2001 (22) 20-59 years - - -0.3 0 0 0
29 Kuskowska-Wolk 1992 (51) - - -0.4 - -0.8 -
30 Lackland 1990 (53) - - - - - -
44 Quiles 1996 (82) -0.7 - 0.5 - 0.9 -
52 Spencer 2002 (71) - - -1.0 1.2 -0.7 1.3
54 Stewart 1987 (73) -0.8 (-0.8, -0.6)* - - - -
Overweight or weight loss participants
1 Allison 1998 (29) -1.6 - -2.0 - -1.4 -
37 Nawaz 2001 (60)
25 <BMI <30 NA NA NA NA -0.2 0.7
30<BMI<35 NA NA NA NA -0.3 1.3
35 <BMI <40 NA NA NA NA -1.5 1.9
BMI > 40 NA NA NA NA 2.2 2.2
Students
12 Clemente 2004 (81) - - -0.4 1.1 -0.8 1.1
23 Jacobson 2001 (47) - - -0.2 - -0.6 -
Employees
11 Chor 1999 (37)
Center branch - - -0.2 - -0.3 -
Internal services unit - - -0.6 - -0.2 -
General board - - -0.2 - -0.3 -
llha do governador branch - - -0.4 - -0.3 -
16 Fonseca 2004 (40) -0.4 1.6 -0.8 1.6
36 Nakamura 1999 (59) NA NA NA NA -0.1 0.8
38 Niedhammer 2000 (61) -0.3 (-0.3, -0.3) -0.4 (-0.4, -0.5)
60 Wada 2005 (78) - - 0 (-0.1, 0) 0 (-0.1,0.1)
Elderly
19 Gunnell 2000 (43) - - -1.3 (-1.6,-1.0) -1.1 (-1.3,-0.9)
27 Kuczmarski 2001 (22) 60+ years - - -0.8 0 -0.8 0.0

Special populations
13 de Araujo 2003 (58) - - - _ _ _
15 Doll 1998 (39)

Healthy controls -0.4 (-0.6, -0.3) - - - -
Bulimia nervosa -0.2 (0.4, 0.1) - - - -
21 Hill 1998 (45) -1.3 (-1.3,-1.2) - - - -
26 Klag 1993 (50) -0.8 0.1" - - - -
28 Kuskowska-Wolk 1989 (52) - - -0.4 - -0.7 -
39 Nieto-Garcia 1990 (62)* -1.8 (-1.9,-17) -2.1 (-2.3, -2.0) -1.6 (-1.7,-1.4)
48 Santillan 2003 (68) - - - - - -
57 Tienboon 1992 (75) - - -1.0 1.2 -1.0 1.2

*Represents the 99% ClI.

Standard error.

*Mean relative errors.

—, not reported; BMI, body mass index; NA, not applicable.

© 2007 The Authors
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Mean time lag > 1 month

Hill, 1998 (2258)

—— Bostrom, 1997 (3208)

Mean time lag < 1 month

Klag, 1993 (78)

Allison, 1998 (104)

Doll, 1998 Bulimic (102)
Healthy

Alvarez-Torices, 1993 (572)
Quiles, 1996 (1387)

Stewart, 1987 (1523)

Avila-Funes, 2004 (1707)

Nieto-Garcia, 1990 (7455)

Mean difference (self-report — measured value)

Figure 4 Mean differences in BMI for studies with available data on the total sample, in ascending order by sample size..

benefited from the development of some standard reporting
criteria to address some of these gaps over this 26-year
period. In 1988, Engstrom (89) published an article outlin-
ing the statistics and procedures that should be reported
whenever assessing the reliability of physical measures such
as weight and height. She suggested that values such as the
mean, minimum and maximum differences, standard devi-
ations of the net differences, technical error of measure-
ment and clinically meaningful indices of agreement be
included in all reports. However, as evidenced in the cur-
rent review almost 20 years later, such data are still not
routinely being reported. In addition, the authors of this
current review recommend that the elapsed time between
self-report and direct measures should also be reported, as
changes in variables such as weight can occur over short
periods of time and the length of time between measures
should be controlled in any analyses that are undertaken.
The order of measurement should also be noted as there is
evidence to indicate that reporting of weight in women is
more accurate when it occurs after actual weight measure-
ment (36). Measurement conditions such as who is taking
the measures, what equipment is being used, what clothing
is worn for the weighing as well as what instructions are
given when estimating self-report weights (e.g. is this self-
reported weight estimated with or without clothes, in the

© 2007 The Authors

morning or midday and after eating or fasting?) should also
be provided.

Adhering to consistent reporting criteria would increase
the comparability of results and enable us to further
understand the relationship between the measures. With
more complete data, it may be possible to develop correc-
tion factors that could be applied to self-reported data
when direct measurement is not feasible. If data are ade-
quately reported by subgroups (e.g. sex, age, education,
ethnicity and immigration status), it may also be possible
to make adjustments based on these characteristics, which
may be important as studies demonstrate that demo-
graphic characteristics can have an influence on the degree
of reporting error. For instance, research has shown that
self-reports from older populations are less reliable (22),
that unemployed, retired or disabled women are more
likely to under-report their BMIs than employed women
(60), and that men are more likely to over-report their
height than women (38). Understanding the characteristics
of inaccurate reporters is particularly important given
the large values of some of the standard deviations,
which implies that for some individuals the estimates are
extremely inaccurate, which may bias average results and
have important implications for health planning for these
populations.
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Conclusions

To the authors’ knowledge, this review represents the most
relationship
between self-reported and directly measured height, weight
and BMI in both men and women. Overall, the data show
trends of underestimating weight and BMI and overesti-
mating height, although the degree of the trend varies for
men and women, and between studies; the variability in the

comprehensive attempt to examine the

estimates is high and no overall effect size could be esti-
mated. Rising obesity rates are an increasing concern for
population health and it is therefore essential that the esti-
mates upon which decisions are being made are as accurate
as possible. This should be addressed by improving the
quality of reporting of future studies in this area, making
recommendations based on more comprehensive data
about whether (and in what circumstances) self-report
measures can be used and then developing correction fac-
tors to increase the accuracy of reporting in situations
where direct measurement is not possible.
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