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Abstract

Background: Self-reported (SR) body mass index (BMI) values are often used to determine obesity prevalence.
However, individuals frequently overestimate their height and underestimate their weight, resulting in artificially
lower obesity prevalence rates. These patterns are especially apparent among older adults and overweight

individuals. The present cross-sectional study uses nationally representative datasets from five countries to assess
the accuracy of SR BMI values in diverse settings.

Methods: Samples of older adults (=50 years old) and comparative samples of younger adults (18-49 years old)
were drawn from five middle-income countries (China, India, Mexico, Russian Federation, and South Africa) in the
World Health Organization’s Study on global AGEing and adult health (SAGE). Participant-reported and
researcher-obtained height and weight measures were used to calculate SR and measured BMI, respectively.
Paired t-tests assessed differences between SR and measured BMI values by country. Linear regressions
examined the contribution of measured weight and age to differences between SR and measured BMI.

Results: Significant differences between SR and measured BMI values were observed (p < 0.05), but the
direction of these discrepancies varied by country, age, and sex. Measured weight significantly contributed to
differences between SR and measured BMI in all countries (p <0.01). Age did not contribute significantly to
variation in BMI discrepancy, except in China (p < 0.001).

Conclusions: These results suggest that SR BMI may not accurately reflect measured BMI in middle-income

obesity-related disease estimates reliant on SR data.

countries, but the direction of this discrepancy varies by country. This has considerable implications for
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Background

Body mass index (BMI; calculated from individual height
and weight values) is a measure commonly used to
quantify population-level obesity rates. Self-report (SR)
measures of height and weight are often used to calcu-
late individual BMI and demonstrate strong associations
with morbidity and mortality [1-3]. The use of SR height
and weight values has several advantages, including low
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cost and ease of collection from a large number of partici-
pants. However, despite being associated with disease risk,
SR measures may be distorted by participant desire to
conform to cultural ideals of beauty and health [4]. BMI
based on measurement rather than SR may therefore pro-
vide a more accurate BMI value, yet these data are typic-
ally more expensive, time-consuming, and intrusive to
collect. Consequently, the accuracy of SR measures must
be checked to establish the utility of SR BMI as a reliable
measure in diverse settings. Confirming the precision
of SR measures has particularly important implica-
tions in the ongoing struggle to accurately document
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global increases in obesity. Further, this information is
required to design intervention programs that effect-
ively reduce associated disease burden.

Previous studies in wealthy nations demonstrate that
individuals often overestimate their height and under-
estimate their weight, a pattern observed in both sexes
[4-10]. For example, Villanueva (2001) found that 25 %
of US men and 35 % of US women underreport their
weight [11]. This misreporting results in lower obesity
prevalence rates when SR data are used to calculate
BMI, and these inaccurate values have considerable
policy and public health implications. For instance, it is
unlikely that SR BMI identifies all overweight and obese
individuals, thus impeding the implementation of tar-
geted interventions and the interpretation of lifestyle
factors that increase obesity risk [12].

The effect of this misclassification on obesity preva-
lence data is substantial. A study among Swedish adults
demonstrated that obesity prevalence was approximately
5 % lower when SR BMI measures were used in place of
measured BMI values [8]. US NHANES III results indi-
cate that BMI based on SR underestimated obesity by
35 % and severe obesity by 31 %; measured BMI was on
average 0.6 kg/m> more than SR BMI [13]. Individuals
may misreport their BMI due to perceived social pres-
sures to conform to media-enforced cultural standards
of desirable height and weight, such as Western ideals of
thinness [8].

Individual characteristics, such as measured weight
and age, also appear to influence the accuracy of SR
BMI values. For example, actual body weight may influ-
ence the extent to which an individual underestimates
their weight. Hill and Roberts (1998) documented an ap-
proximate 0.1 increase in BMI underestimation for every
unit increase in measured BMI [7]. Moreover, the over-
estimation of height and underestimation of weight ap-
pears to significantly increase with age, leading to an
increased misclassification of overweight and obesity in
older adults [14, 15]. This increased likelihood of misre-
ported BMI among older adults appears to be due to de-
creased stature (a product of vertebral compression),
impaired memory, and inability to recognize changes in
stature or weight due to poor health [10, 16, 17].

Studies assessing the accuracy of SR BMI have largely
been restricted to wealthy countries and younger indi-
viduals. The few studies examining these relationships
in non-Western nations have produced conflicting re-
sults. For instance, weight underestimation and height
overestimation (similar to Western populations) have
been documented in Brazil, Mexico, Thailand, and
China [18-21], while other studies in Mexico and
among Brazilian men have observed no significant
differences between SR and measured BMI [22, 23].
Further work is therefore required to clarify how
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differences between SR and measured BMI vary cross-
culturally, especially among aging populations. In
particular, the relationship between SR and measured
BMI should be examined using large, nationally-
representative samples to ascertain whether the asso-
ciation between these two measures is the same
across different groups, and if not, to determine how
this relationship varies in distinctive populations. In-
formation on cross-cultural variation between SR
and measured BMI values has the potential to iden-
tify key social factors that shape how individual
height and weight is perceived and reported in dif-
ferent locations. This information could then be used
to elucidate how accurate SR BMI values might be
within a specific ecological or cultural setting.

To address these issues, the present study assesses
whether SR and measured BMI values differ in older
adults across the diverse populations represented in
the World Health Organization’s Study on global
AGEing and adult health (SAGE) Wave 1 [24]. Data
from five middle-income countries (China, India,
Mexico, Russian Federation, and South Africa) are
used to examine how discrepancies between SR and
measured BMI vary across countries. Three hypoth-
eses are tested based on previous research. First, BMI
calculated from SR height and weight will be signifi-
cantly lower than BMI based on measured height and
weight at all ages (e.g. older adults will exhibit the
same pattern documented previously in younger
adults). Second, measured body weight will negatively
contribute to the discrepancy between SR and mea-
sured BMI, indicating underestimation of SR BMI
values in heavier individuals. Third, age will be in-
versely correlated with SR and measured BMI dis-
crepancy values.

Methods

Study design and participants

Nationally-representative samples of older adults (>50 years
old) and comparative samples of adults aged 18—49 years
were drawn from China (N =13,609), India (N =4,392),
Mexico (N =721), Russia (N = 3,814), and South Africa
(N =1,001) [24]. The complete SAGE Wave 1 dataset
also includes participants from Ghana; however, this
country was excluded because of a high level of missing
self-reported (SR) BMI values. Sampling was based on a
stratified, multistage cluster sample design to ensure
the full range of living conditions in each country were
represented [25]. Face-to-face interviews were used to
collect household- and individual-level data. At the
time of interviews for SAGE Wave 1, two countries
were categorized as lower-middle income (China and
India) and three as upper-middle income countries
(Mexico, Russia, and South Africa) [26].
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BMI variables

Participants were first asked to report their height and
weight during the interview. Many participants failed to
provide SR measures (N =10,395). Still, SR values were
obtained from the majority of participants (N =23,537)
and were used to calculate SR BMI as a ratio of weight
divided by height squared (kg/m?). Trained SAGE inter-
viewers then obtained participant height and weight
measurements using standard procedures. Specifically,
respondents were asked to wear a single layer of clothing
and remove their shoes; participant height was then
measured to the nearest 0.1 cm using a stadiometer and
weight was recorded to the nearest 0.1 kg using a weigh-
ing scale. These values were used to calculate measured
BMI (kg/m?). Finally, the discrepancy between SR and
measured BMI was calculated by subtracting measured
BMI from SR BMI; thus, negative discrepancy values
correspond to higher measured BMI values relative to
SR BMI, while positive discrepancy values reflect higher
SR than measured BMI values.

To improve the interpretation of our results, misclassi-
fication rates resulting from inaccurate SR BMI values
were considered. World Health Organization classifica-
tions were used to define BMI categories: underweight
(<18.5 kg/mz), normal (18.5-24.9 kg/m2), overweight
(25.0-29.9 l(g/mz), and obese (=30 kg/mz) [27]. Since the
relationships among BMI, body fat percentage, and
health risk are different in Asian populations compared
to other groups, modified BMI cut-offs for China and
India were used: underweight (<18.5 kg/m?®), normal
(18.5-22.9 l(g/mz), increased risk (23.0-27.5 kg/m2), and
higher high risk (227.5 kg/m?) [28].

Sociodemographic and health behavior variables

Sex and age were collected as part of the interview.
Participants also reported their highest level of educa-
tion attained, and this variable was dummy coded
using “no formal education” as the reference group.
Reported annual household income was combined
with an index of durable goods ownership, dwelling
characteristics, and access to services to create a con-
tinuous variable based on long-term wealth status for
the household [29]. Total SR physical activity level
(PAL) was calculated using interview questions drawn
from the Global Physical Activity Questionnaire (GPAQ)
[30, 31]. SR time spent in vigorous and moderate exercise
for work and leisure were averaged together to create
a composite PAL measure (hours/day). Tobacco and
alcohol consumption patterns were also determined,
sorted into frequency categories, and dummy coded
using the “never consumed” categories as reference
groups. Finally, following established procedures [8],
responses to an overall self-rated general health ques-
tion (on a 5-point scale from very good to very bad)
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were dummy coded using the lowest health rating as
the reference group.

Ethical approval

SAGE was approved by the World Health Organization’s
Ethical Review Committee. Additionally, partner organi-
zations in each SAGE country obtained ethical clearance
through their respective institutional review bodies (the
Chinese Center for Disease Control and Prevention
Ethical Review Committee, the University of Ghana
Medical School Ethics and Protocol Review Committee,
the Indian Institutional Review Board for the International
Institute for Population Sciences, the Mexican Comisién
de Etica en Investigacién del Instituto Nacional de Salud
Publica, the Russian Academy of Medical Sciences
Department of Prophylactic Medicine, and the South
African Human Sciences Research Council Ethics
Committee). Written informed consent was also ob-
tained from all study participants.

Statistical analyses

Tests for normality were performed and no violations
were observed. Parametric tests were conducted using
SPSS version 20; results were regarded as significant at
p<0.05. All analyses were run separately by country to
better capture inter-population differences.

(1)Paired t-tests
Hypothesis One — BMI calculated from SR height
and weight will be significantly lower than BMI
calculated from measured height and weight in both
older and younger adults. Paired t-tests were used to
assess differences between SR and measured BMI
values. Participants were sorted according to age
group and sex, and all analyses were then conducted
separately by country. Specifically, differences
between SR and measured BMI were evaluated in
older men (aged =50 years), older women, younger
men (aged 18—49 years), and younger women in
each country.

(2)Linear regressions
Hypothesis Two - Measured body weight will
negatively contribute to the discrepancy between SR
and measured BMI, indicating underestimation of SR
BMLI in heavier individuals. Consistent with desired
body weight standards seen in wealthy nations,
overweight individuals will underreport their weight,
resulting in a lower SR BMI value and subsequently
a negative discrepancy (SR BMI — measured BMI)
due to measured BMI surpassing SR BMI. A linear
regression was used to examine if measured weight
contributed to variation in the discrepancy between
SR and measured BMI among older adults. Sex, age,
the education dummy variables, and income (as a
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continuous variable) were entered in the first step to
control for the effects of socioeconomic factors
shown to influence accuracy of SR height and
weight values [8, 9, 11]. Total PAL and the smoking
and drinking dummy codes were entered in the
second step of the regression to account for the
influence of these variables on the discrepancy
between SR and measured BMI [8, 11, 17]. The SR
health dummy codes were then entered in the third
step of the regression to control for the influence of
perceived health on participant discernment of their
current height and weight [8, 11]. Measured body
weight was entered in the final step. All regressions
were conducted separately by country.

Hypothesis Three - age will be inversely correlated
with discrepancies in SR and measured BMI

(i.e. measured BMI will be greater than SR BMI). A
second linear regression assessed if age contributed
to discrepancies between SR and measured BMI
values. Sex, education dummy codes, and
continuous income were entered in the first step
of the regression. Total PAL, smoking frequency,
and drinking frequency were entered in the
second step of the regression. The self-rated
health dummy codes were entered in the third
step of the regression, and age (as a continuous
variable) was entered in the final step of the
regression. All regressions were conducted
separately by country.

Results

Differences between reported and measured BMI by

age group

The results of the paired t-tests indicated that significant
differences exist between SR and measured BMI values.
For example, significant differences between SR and
measured BMI in older men (=50 years old) were
observed in India, Russia, and South Africa (p<0.05).
Specifically, mean SR BMI was significantly higher than
mean measured BMI in India and South Africa, while
mean SR BMI was lower than mean measured BMI in
Russia (Table 1). Similarly, significant differences be-
tween SR and measured BMI in older women were ob-
served in India, Mexico, and Russia (p <0.01). Mean SR
BMI in older women was significantly higher than mean
measured BMI in India; however, mean SR BMI was
lower than mean measured BMI in Mexico and Russia
(Table 1).

Significant differences in SR and measured BMI were
also observed among younger men and women (18-49
years old). Among younger men, mean SR BMI was
significantly higher than mean measured BMI in India
(p <0.001) (Table 1). Among younger women, significant
differences were evident in China, India, and Russia
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(p<0.05). Mean SR BMI was significantly higher than
mean measured BMI in India; however, mean SR BMI
was significantly lower than mean measured BMI in
China and Russia (Table 1).

Measured body weight and the discrepancy between SR
and measured BMI

Measured weight significantly contributed to variation in
the discrepancy between reported and measured BMI in
China (R? change = 0.043, p < 0.001), India (R? change =
0.015, p <0.001), Mexico (R? change = 0.010, p = 0.006),
Russia (R? change = 0.042, p <0.001), and South Africa
(R*> change = 0.018, p < 0.001), while controlling for key
covariates. Specifically, for each unit increase in mea-
sured body weight, the discrepancy between SR and
measured BMI (SR BMI — measured BMI) became more
negative in all of these countries, indicating that SR BMI
was lower than measured BMI in heavier individuals
(p <0.01) (Table 2).

Age and the discrepancy between SR and measured BMI
In all countries except China, age contributed a non-
significant amount of variation to the BMI discrepancy
(Table 3). In China, for each unit increase in age, the
discrepancy between SR and measured BMI increased
(B=0.015, p <0.001), indicating that SR BMI was higher
than measured BMI in older adults. However, the added
variation explained by the addition of age to the model
was very minor (R* change = 0.001), indicating that this
very small but statistically significant finding is likely due
to the large sample size.

Discussion

This study provides a unique examination of the rela-
tionship between SR and measured BMI in large samples
of older individuals residing in five middle-income
countries. The present study found mixed support for
the hypotheses. Significant differences between SR and
measured BMI values were observed, but the direction
of these discrepancies varied by country, age, and sex.
Measured body weight contributed to variation in SR
and measured BMI differences in all five countries, sug-
gesting that heavier individuals are more likely to under-
estimate their BML Finally, age significantly contributed
to variation in BMI discrepancies only in China.

Differences between SR and measured BMI by country

Older men in India and South Africa reported signifi-
cantly higher SR BMI than measured BMI values. These
findings did not follow the typical pattern observed in
wealthier nations (where individuals are more likely to
underestimate their BMI); only in Russia did older men
significantly underestimate their BMI. Moreover, older
women in India overestimated their BMI, whereas only
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Table 1 Differences between mean self-reported (SR) and measured BMI values (SR BMI — measured BMI). Paired t-tests (2-tailed)
assessing differences between self-report (SR) and measured BMI values are presented by sex and country for older (50+ years old)
and younger (18-49 years old) individuals, with degrees of freedom (df)

Older men Older women Younger men Younger women
China 23.5-236=-0.1 24.17-2422=-06 23.5-232=02 23.1-234=-03
t(5623)=—-1.03 t(6439) = —0.808 t(678) = 1435 t(869) = —2.400*
India 23.8-20.7 =31 270-213=57 22.7-206=21 24.1-20.7 =34
t(1528) =871 1% 1(964) = 8.815*** t(575) = 5.196*** t(1325) = 7.534***
Mexico 28.0-283=-03 28.8-293=-05 28.3-28.7=-04 284-290=-06
1(286) =—0.837 1(308) = —2.740** 1(48) =—1.664 t(79)=-1.935
Russia 270-273=-03 29.2-29.7 =-04 254-263=-09 260-264=-04
t(1235) = —3.540%** t(2202) = —6.888*** t(143)=-0914 t(234) =—2.252*
South Africa 31.2-292=20 334-326=08 30.1-29.1=09 312-299=14
t(406) =3.016** t(508)=1.310 t(36) =0.534 t(51)=0.762

Note: Negative values correspond to lower SR BMI than measured BMI values while positive values reflect higher SR than measured BMI values. The number of
asterisks indicates the level of significance (* =p < 0.05, **=p < 0.01, *** = p < 0.001) in chi-square test

older women in Mexico and Russia underestimated their
BMI. These mixed findings were also apparent among
younger adults. Younger men significantly overestimated
their BMI in India, but in no country did younger men
exhibit the expected pattern of underestimating their
BMI. Younger women in India also significantly overesti-
mated their BMIL however, younger women in China
and Russia underestimated their BMIL Interestingly, at
all ages, both men and women systematically overesti-
mated their BMI in India. Similarly, in all age groups
(except young men), both men and women significantly
underestimated their BMI in Russia.

These findings suggest that cultural differences may
influence the accuracy of SR BMI values. For instance,
among the five countries examined, the prevalence of
underweight by measured BMI is highest in India
(Table 4); these individuals are therefore more likely to
have a lower BMI than participants living in the other
SAGE countries and may estimate BMI values above
these relatively low measures. Conversely, more eco-
nomically developed nations (like Russia) may exhibit
diets, activity patterns, and body composition more
similar to wealthier nations and consequently under-
estimate their BMI as has been observed in high-income
countries.

Previous studies have documented multiple sociocul-
tural factors that influence the likelihood of inaccurate
SR BMI values. Individual perceptions of body weight in
relation to socially-defined desirable weight norms have
been linked to both under- and over-reporting BMI,
such that overweight individuals tend to underreport
their weight, while underweight individuals tend to
overestimate their actual weight [32]. Further, previ-
ous findings document a positive relationship between
difference in participant measured weight and average

measurements for their reference group (based on sex
and age) and individual likelihood of misreporting
weight to conform to these reference values [33].

Thus, socially distinct references of height and weight
may have influenced the likelihood of a participant pro-
viding imprecise SR BMI values in the present study,
and the direction and magnitude of these differences
likely varied by population based on culturally unique
height and weight norms. Further, these social norms
are likely influenced by changes in national level of eco-
nomic development. For example, increased levels of
economic development are significantly associated with
changes in social standards of beauty (possibly due to in-
creased Western media exposure), ultimately resulting in
individuals becoming more concerned with their weight
relative to these new social norms [34, 35]. This could
explain why underweight individuals in India would
overestimate their BMI, while overweight individuals in
other populations underestimate their BMI; in each case,
participants were inaccurately reporting values closer
to the social norm or the population mean in order
to avoid being at the extreme ends of the weight
distribution.

These findings have implications for the correct classi-
fication of participants into BMI categories and the iden-
tification of unhealthy individuals at the extreme ends of
the weight spectrum. Interestingly, the degree of BMI
category misclassification varied by country. The per-
centage of obese individuals misclassified in a lower BMI
category from SR BMI values ranged from 1.4 % in
China to 3.6 % in Mexico (Table 4). Conversely, in India,
SR BMI values classified 27.1 % of participants as under-
weight, while measured BMI classified 34.8 % of these
same participants as underweight (Table 4). These
findings suggest that the use of SR BMI values may
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Table 2 Linear regression models for contribution of measured weight to variation in the discrepancy between self-report and

measured BMI by country (sexes combined)*?

Variable Coefficients (SE) B p Model 7 and p

BMI Discrepancy (SR BMI — measured BMI)

China (N=13,384) 0.043/<0.007***
Constant 5423 (0.529) <0.001
Age 0.009 (0.004) 0.021 =0.028
Sex —0.722 (0.126) -0.071 <0.001
Education level: Completed less than primary 0.241 (0.143) 0018 =0.091
Completed primary 0.143 (0.142) 0.011 =0314
Completed secondary 0.294 (0.147) 0.024 =0.045
Completed high school 0425 (0.165) 0.029 =0.010
Completed college/university/post-grad 0.356 (0.231) 0.015 =0.124
Income 0485 (0.110) 0.042 <0.001
Total Physical Activity Level —0.031 (0.014) -0.020 =0.024
Drinking: Do not currently drink 0.082 (0.217) 0.003 =0.750
Occasionally —0.092 (0.148) -0.006 =0.533
Moderate/heavy drinker 0.034 (0.139) 0.002 =0.807
Smoking: Do not currently smoke —0467 (0.210) -0.021 =0.026
Occasionally —0.431 (0.285) -0.013 =0.131
Daily —0.015 (0.135) —-0.001 =0911
Self-rated health: Bad —0.229 (0.332) -0017 =0490
Moderate —0.041 (0.324) -0.004 =0.898
Good —-0.069 (0.328) —0.006 =0.832
Very good —0.096 (0.383) —-0.004 =0.803
Measured Weight —0.095 (0.004) -0.224 <0.001

India (N =4,328) 0.015/<0.007***
Constant 13.074 (2.485) <0.001
Age 0.035 (0.018) 0.035 =0.057
Sex —0.568 (0.638) -0.018 =0373
Education Level: Completed less than primary —2.225(0.813) —0.045 =0.006
Completed primary —2.607 (0.746) —-0.060 <0.001
Completed secondary —3.188 (0.809) -0.070 <0.001
Completed high school —3.055 (0.890) —0.064 =0.001
Completed college/university/post-grad —3437 (1.082) —-0.059 =0.002
Income —-0.113 (0.595) —-0.004 =0.849
Total Physical Activity Level —0.036 (0.071) -0.008 =0618
Drinking: Do not currently drink —2.134 (1.151) -0.029 =0.064
Occasionally —0.643 (0.960) -0.0M =0.503
Moderate/heavy drinker —0.935 (1.138) -0013 =0412
Smoking: Do not currently smoke -0.612 (1.298) -0.008 =0.637
Occasionally —0.548 (1.524) —-0.006 =0.719
Daily —-0.175 (0.592) —-0.005 =0.768
Self-rated health: Bad —1.136 (1.889) -0.026 =0.548
Moderate 0.895 (1.835) 0.028 =0.626
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Table 2 Linear regression models for contribution of measured weight to variation in the discrepancy between self-report and
measured BMI by country (sexes combined)*® (Continued)

Good
Very good
Measured Weight

Mexico (N=718)
Constant
Age
Sex
Education Level: Completed less than primary
Completed primary
Completed secondary
Completed high school
Completed college/university/post-grad
Income
Total Physical Activity Level
Drinking: Do not currently drink
Occasionally
Moderate/heavy drinker
Smoking: Do not currently smoke
Occasionally
Daily
Self-rated health: Bad
Moderate
Good
Very good
Measured Weight

Russia (N =3,793)
Constant
Age
Sex
Education Level: Completed less than primary
Completed primary
Completed secondary
Completed high school
Completed college/university/post-grad
Income
Total Physical Activity Level
Drinking: Do not currently drink
Occasionally
Moderate/heavy drinker
Smoking: Do not currently smoke
Occasionally
Daily
Self-rated health: Bad

0.539 (1.859)
0.700 (2.197)
—-0.173 (0.021)

4.545 (2.680)
—-0.021 (0.014)
—0.857 (0.405)
—0.711 (0.609)
(0.641)
—0.077 (0.740)
—-1.319 (0.988)
0.271(0.737)
0452 (0.463)
—0.055 (0.044)
0.834 (0.441)
—0.646 (0.428)
—-1.386 (0.825)
0.235 (0421)
—0.082 (0.654)
—-0.023 (0.497)
-0.017 (2.232)
—0.531 (2.183)
-0.212 (2.185)
-0.681 (2.311)
—0.032 (0.012)

4.223 (0.992)
—0.004 (0.006)
—0.266 (0.156)
—1.368 (0.799)
—1.301 (0.681)
—1.182 (0.660)
—1.310 (0.656)
—1.326 (0.667)
0.095 (0.167)
0.032 (0.018)
0.014 (0.194)
—0.144 (0.153)
—0.146 (0.282)
—0.266 (0.208)
0435 (0.449)
0.009 (0.197)
1.029 (0.509)

0.016
0.009
-0.139

—-0.068
—-0.100
-0.077
—-0.085
—0.006
—-0.063
0.023

0.041

—-0.047
0.082

—-0.068
—-0.069
0.024

—-0.005
—-0.002
—-0.001
—-0.062
-0.024
-0.032
-0.1M

-0.013
-0.035
—-0.045
—-0.089
-0.122
-0.177
—-0.145
0.010
0.029
0.001
-0.019
-0.010
-0.023
0.016
0.001
0.116

=0.772
=0.750
<0.001

=0.090
=0.133
=0.035
=0.243
=0.195
=0917
=0.182
=0.713
=0329
=0.218
=0.059
=0.132
=0.093
=0.577
=0.900
=0.963
=0.994
=0.808
=0.923
=0.768
=0.006

<0.001
=0524
=0.088
=0.087
=0.056
=0.073
=0.046
=0.047
=0.570
=0.085
=0.943
=0.348
=0.604
=0.202
=0.333
=0.965
=0.044

0.010/=0.006**

0.042/<0.001***
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Table 2 Linear regression models for contribution of measured weight to variation in the discrepancy between self-report and

measured BMI by country (sexes combined)*® (Continued)

Moderate 1.095 (0.504)
Good 0.954 (0.529)
Very good 0.566 (0.826)

Measured Weight
South Africa (N =790)

Constant 3.822 (5.369)
Age 0.025 (0.046)
Sex —0.686 (1.050)
Education Level: Completed less than primary 2.122 (1.653)
Completed primary 2120 (1.722)
Completed secondary 1.967 (1.897)
Completed high school 0468 (2.149)
Completed college/university/post-grad 2.059 (2.380)
Income —1.173 (1.144)
Total Physical Activity Level 0.170 (0.159)
Drinking: Do not currently drink 2.116 (7.832)
Occasionally 0.896 (1.490)
Moderate/heavy drinker 1.227 (1.757)
Smoking: Do not currently smoke —0.311 (1.967)
Occasionally —0.356 (2.856)
Daily —2014 (1.374)
Self-rated health: Bad 1.244 (3.886)
Moderate 2428 (3.802)
Good 3.014 (3.855)
Very good 5418 (4.281)

Measured Weight

—0.052 (0.004)

—0.095 (0.025)

0.145 =0.030
0.094 =0.071
0014 =0.494
—-0.209 <0.001
0.018/<0.001***

=0477
0.021 =0.585
-0.025 =0514
0.068 =0.200
0.064 =0.219
0.057 =0.300
0012 =0.828
0.047 =0.387
—-0.045 =0.306
0.040 =0.286
0.010 =0.787
0.024 =0.548
0.028 =0.485
—-0.006 =0.874
—0.005 =0.901
—-0.060 =0.143
0.038 =0.749
0.090 =0523
0.102 =0435
0.098 =0.206
-0.143 <0.001

#Comparisons are statistically significant at: *=p < 0.05, ** = p <0.01, ***=p < 0.001

PReference groups used in the creation of dummy codes for each categorical variable:

(i) Education levels = no formal education

(ii) Drinking levels = never consumed alcohol
(i) Smoking levels = never used tobacco

(iv) Self-rated health = very bad

inaccurately measure the prevalence of both over- and
under-nutrition in population-level studies, which may
have important public health and policy implications.
Specifically, inexact measures of global obesity rates pre-
clude the identification of all overweight persons,
impacting the implementation of effective weight man-
agement programs targeting these individuals. Moreover,
imprecise measures of obesity may also result in under-
estimated healthcare budgets for costs incurred treating
obesity-related chronic diseases.

Measured weight and the discrepancy between SR and
measured BMI

Increased measured body weight significantly contrib-
uted to the difference between SR and measured BMI as
expected (heavier adults underestimated their BMI) in

all countries, supporting previous findings in high-
income nations. It is worth noting that participant mea-
sured height also contributed significantly to variation in
the discrepancy between SR and measured BMI in the
expected direction; specifically, shorter individuals were
more likely to overestimate their height, decreasing their
SR BMI value in relation to measured BMI (results not
presented). It therefore appears that both participant
height and weight contribute to the likelihood of in-
accurately reporting these values in SR measures. Still,
societal pressure to maintain a culturally-defined pre-
ferred weight should not be underestimated. These re-
sults suggest that older adults may be compelled to
conform to cultural standards of desirable weight, in-
creasing the likelihood of misreporting BMI to comply
with these ideals. Although the pressure to adhere to
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Table 3 Linear regression models for contribution of age to variation in the discrepancy between self-report and measured BMI by

country (sexes com bined)*?

Variable Coefficients (SE) B p Model 7 and p

BMI Discrepancy (SR BMI — measured BMI)

China (N=13,384) 0.001/<0.007***
Constant —0.632 (0.475) =0.184
Sex —0.036 (0.125) —-0.004 =0.771
Education Level: Completed less than primary 0.096 (0.146) 0.007 =0.511
Completed primary —0.131 (0.145) -0.010 =0.368
Completed secondary —0.150 (0.149) -0012 =0314
Completed high school 0.009 (0.168) 0.001 =0.955
Completed college/university/post-grad —0.112 (0.235) —0.005 =0.634
Income 0.136 (0.111) 0.012 =0.223
Total Physical Activity Level -0.023 (0.014) -0.015 =0.102
Drinking: Do not currently drink 0.101 (0.222) 0.004 =0.650
Occasionally —0.068 (0.151) -0.004 =0651
Moderate/heavy drinker 0.131 (0.142) 0.009 =0.355
Smoking: Do not currently smoke —0.483 (0.215) —-0.022 =0.025
Occasionally —0.369 (0.291) -0.012 =0.205
Daily 0.173 (0.137) 0.015 =0.209
Self-rated health: Bad —-0.391 (0.339) -0.029 =0.249
Moderate —0.239 (0.331) —-0.023 =0470
Good —0.209 (0.335) -0.019 =0.533
Very good —0.162 (0.391) —-0.007 =0679
Age 0.015 (0.004) 0.036 <0.001

India (N=4,328) 0.001/0.072
Constant 4.750 (2.286) =0.038
Sex 0.673 (0.624) 0.021 =0.281
Education Level: Completed less than primary —2.193 (0.819) —-0.044 =0.007
Completed primary —2672 (0.752) -0.062 <0.001
Completed secondary —3449 (0.814) -0.076 <0.001
Completed high school —3.363 (0.896) -0.070 <0.001
Completed college/university/post-grad —4.199 (1.086) —-0.072 <0.001
Income —1.269 (0.582) —-0.040 =0.029
Total Physical Activity Level —0.053 (0.072) -0.012 =0463
Drinking: Do not currently drink —2.035 (1.160) —-0.028 =0.079
Occasionally —0.678 (0.968) -0.011 =0483
Moderate/heavy drinker —0.983 (1.147) -0.014 =0.391
Smoking: Do not currently smoke —0.387 (1.307) —0.005 =0.767
Occasionally —0.446 (1.563) —0.005 =0.771
Daily 0.183 (0.595) 0.006 =0.759
Self-rated health: Bad —0.985 (1.903) -0.022 =0.605
Moderate 0.557 (1.849) 0.017 =0.763
Good 0.181 (1.873) 0.005 =0.923
Very good 0.029 (2213) <0.001 =0.989
Age 0.033 (0.018) 0.034 =0.072
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Table 3 Linear regression models for contribution of age to variation in the discrepancy between self-report and measured BMI by
country (sexes combined)*® (Continued)

Mexico (N=718) 0.002/=0.264
Constant 1.752 (2.489) =0.482
Sex —0.583 (0.394) —-0.068 =0.139
Education Level: Completed less than primary —0.841 (0.610) —0.091 =0.168
Completed primary —0.903 (0.643) —-0.092 =0.160
Completed secondary —0.065 (0.744) —0.005 =0.930
Completed high school —1.351 (0.992) -0.065 =0.174
Completed college/university/post-grad 0.250 (0.740) 0.021 =0.763
Income 0.253 (0459) 0.023 =0.582
Total Physical Activity Level —0.046 (0.044) —0.040 =0.306
Drinking: Do not currently drink 0.749 (0.442) 0.074 =0.090
Occasionally —0.654 (0.430) —0.069 =0.129
Moderate/heavy drinker —1.257 (0.827) -0.062 =0.129
Smoking: Do not currently smoke 0.187 (0422) 0.019 =0.658
Occasionally —0.198 (0.655) -0.012 =0.763
Daily 0.006 (0.499) 0.001 =0.990
Self-rated health: Bad 0.025 (2.242) 0.002 =0.991
Moderate —0.503 (2.193) —-0.058 =0.819
Good —0.171 (2.195) -0.019 =0938
Very good —-0.607 (2.321) -0.028 =0.794
Age —-0.015 (0.013) —-0.047 =0.264

Russia (N=3,793) <0.001/0.980
Constant —0477 (0.942) =0.612
Sex 0.006 (0.158) 0.001 =0.972
Education Level: Completed less than primary —1.166 (0.816) —0.039 =0.153
Completed primary —1.154 (0.696) —-0.079 =0.097
Completed secondary —1.049 (0.674) —-0.108 =0.120
Completed high school —1.280 (0.670) -0.173 =0.056
Completed college/university/post-grad —-1.233 (0.681) -0.135 =0.070
Income —0.064 (0.170) —-0.007 =0.704
Total Physical Activity Level 0.033 (0.019) 0.031 =0.079
Drinking: Do not currently drink —0.004 (0.198) <0.001 =0.985
Occasionally —0.146 (0.157) —-0.020 =0.352
Moderate/heavy drinker —0.130 (0.288) -0.009 =0.652
Smoking: Do not currently smoke -0.264 (0.213) -0.023 =0.214
Occasionally 0.556 (0.459) 0.020 =0.225
Daily 0.214 (0.201) 0.022 =0.286
Self-rated health: Bad 1.169 (0.520) 0132 =0.025
Moderate 1.265 (0.515) 0.168 =0.014
Good 1.309 (0.539) 0.129 =0.015
Very good 1.231 (0.842) 0.030 =0.144

Age <0.001 (0.006) —0.001 =0.980
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Table 3 Linear regression models for contribution of age to variation in the discrepancy between self-report and measured BMI by

country (sexes combined)*® (Continued)

South Africa (N = 790)

Constant —2.883 (5.114)
Sex —-0.673 (1.059)
Education Level: Completed less than primary 1.763 (1.665)
Completed primary 1.687 (1.733)
Completed secondary 1.502 (1.909)
Completed high school 0.046 (2.164)
Completed college/university/post-grad 1.257 (2.391)
Income —1.857 (1.139)
Total Physical Activity Level 0.116 (0.160)
Drinking: Do not currently drink 0.265 (7.884)
Occasionally 1.107 (1.502)
Moderate/heavy drinker 1.876 (1.764)
Smoking: Do not currently smoke -0.117 (1.983)
Occasionally —0.170 (2.880)
Daily —1.406 (1.377)
Self-rated health: Bad 0.622 (3.916)
Moderate 1618 (3.829)
Good 2.597 (3.997)
Very good 5427 (4318)
Age 0.038 (0.04)

0.001/=0411

=0.573
-0.025 =0.526
0.056 =0.290
0.051 =0.331
0.043 =0432
0.001 =0.983
0.029 =0.559
-0.071 =0.103
0.027 =0467
0.001 =0973
0.030 =0461
0.043 =0.288
—-0.002 =0.953
—-0.002 =0.953
—-0.042 =0.308
0.019 =0.874
0.060 =0673
0.088 =0.504
0.098 =0.209
0.032 =0411

#Comparisons are statistically significant at: *=p < 0.05, ** = p < 0.01, ***=p < 0.001

PReference groups used in the creation of dummy codes for each categorical variable:

(i) Education levels = no formal education

(i) Drinking levels = never consumed alcohol
(i) Smoking levels = never used tobacco

(iv) Self-rated health = very bad

social norms may be greater for younger individuals,
previous work suggests that social stigma toward
overweight individuals may increase the likelihood of
depression in older adults [36]. It is therefore possible
that overweight individuals in the present study felt
pressured to report weight values closer to culturally-
defined body norms due to negative attitudes toward
larger body sizes [8, 32, 33].

Age and the discrepancy between SR and measured BMI

Age did not significantly contribute to variation in this
discrepancy, except in China. However, adding age to
the regression model for China explained a very small
amount of additional variance (R* change = 0.001), indi-
cating that this significant finding is likely due to the
large sample size. Overall, these results differ from find-
ings in wealthier nations, which suggest that SR BMI

Table 4 Percentage of population categorized as underweight, normal weight, overweight, or obese based on measured and
self-report BMI values. Data are presented by country with number of cases in each category

China India Mexico Russia South Africa
Measured BMI: Underweight 4.6 % (640) 34.8 % (3795) 09 % (21) 1.0 % (40) 3.9 % (155)
Self-report BMI: Underweight 5.1 % (697) 27.1 % (1210) 1.1 % (8) 1.1 % (47) 2.8 % (29)
Measured BMI: Normal Weight 39.9 % (5569) 41.6 % (4543) 259 % (631) 25.1 % (979) 26.0 % (1039)
Self-report BMI: Normal Weight 43.3 % (5949) 399 % (1781) 27.7 % (211) 27.1 % (1121) 23.6 % (243)
Measured BMI: Overweight 41.8 % (5845) 16.7 % (1821) 40.7 % (993) 40.9 % (1594) 27.7 % (1106)
Self-report BMI: Overweight 39.3 % (5399) 17.3 % (773) 423 % (322) 41.5 % (1720) 27.9 % (287)
Measured BMI: Obese 13.7 % (1920) 6.9 % (756) 32.5 % (793) 329 % (1280) 42.5 % (1700)
Self-report BMI: Obese 12.3 % (1688) 15.7 % (699) 289 % (220) 30.3 % (1255) 45.7 % (470)
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values of older adults are typically more inaccurate than
those of younger individuals, largely due to height over-
estimation as a result of decreased stature, impaired
memory, or failure to recognize changes in height or
weight because of overall poor health [10, 16, 17]. It is
possible that age did not contribute substantially to the
regression models in this study because the height and
weight of the older participants included in the analyses
were consistent over time compared to older adults in
wealthier countries, facilitating more accurate SR BMI
values at older ages due to minimal long-term changes.
Longitudinal data is needed to test these possibilities.
Conversely, older adults in SAGE nations may have
more accurate knowledge of their height and weight.
Future work is needed to explore these factors.

Limitations

The present study has several limitations. First, these
analyses did not control for health conditions known to
influence mental acuity (dementia and stroke), which
could potentially alter the accuracy of SR weight and
height measurements. Second, a large number of SAGE
participants did not provide either SR height and weight
measurements (N =10,395 individuals), and many of
these individuals also failed to have their height or
weight measured by the interviewer. It is possible that
obese or underweight individuals with perceived ‘un-
desirable’ weight may have opted not to respond to these
questions, resulting in selective non-response rates that
potentially skewed the results. Future analyses will
examine the structure of missing data to determine
whether the missing values occur at random.

In addition, the SAGE questionnaire did not include
detailed information on diet composition; these analyses
therefore did not control for individual dietary factors.
Self-reported participant ethnicity was also not included
in the regression models due to the large number of
missing values (N = 2,395). Finally, it was not possible to
establish how the precision of individual SR BMI values
change over time in this cross-sectional study. Although
age generally did not contribute significantly to variation
in the discrepancy between SR and measured BMI in the
present study, it is possible that advances in age may
alter individual accuracy of SR height and weight. SAGE
is currently collecting longitudinal data following the
progression of these trends over time to address this
issue.

Conclusions

This study documented significant differences in SR and
measured BMI that vary by country and often contradict
findings from more affluent countries. These results sug-
gest that SR BMI may not accurately reflect measured
BMI in middle-income countries, but the direction of
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this discrepancy varies by country, sex, and age group.
This cultural variation in reported BMI has important
public health implications and suggests obesity interven-
tions reliant on SR BMI data must carefully assess the
validity of SR values based on population. Therefore,
how reported BMI values vary in distinct cultures should
be considered in future public health interventions and
epidemiological studies aimed at decreasing obesity
prevalence.
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