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Abstract

Objective—To assess time trends in measurement error of BMI and the sensitivity/specificity of
classifying weight status in the United States by analyzing the difference in BMI between self-
reported and measured height and weight.

Design and Methods—Data from 18,394 respondents aged 20-89 years from the National
Health and Nutrition Examination Survey (NHANES) from 1999 through 2008 were analyzed.
Multiple linear regression and logistic regression models estimated trends in reporting bias and
misclassification of weight status by BMI categories, sex, age, and racial/ethnic groups, adjusting
for the sampling design.

Results—We find no evidence that there are time trends in the accuracy of self-report by BMI
categories, sex, age, or racial/ethnic groups. The well-known downward bias in self-report has

remained stable over the last decade; approximately one in six to seven obese individuals were
misclassified as non-obese due to underestimation of BMI.

Conclusion—Increases in obesity rates based on self-reported height and weight are likely to

reflect actual weight increases and are not inflated by changes in reporting accuracy.
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Self-reported height and weight have been widely used in surveys to estimate body mass
index (BMI). However, self-reported height and weight are subject to measurement error
comprised of bias and random error (1). Social desirability bias and recall error are well
known reasons for measurement error (2—4). Overall, measurement error results in
underestimation of BMI that differs by weight status and sociodemographics (3,5,6).

Increased media coverage of obesity in the past decade may have changed people’s
awareness of their weight and accuracy of self-report (7). If the relationship between self-
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report and actual BMI changes, trend estimates or comparisons of surveys at different time
points will conflate true changes in BMI with changes in reporting accuracy. In particular,
increased accuracy in self-report (e.g., due to more frequent monitoring of weight) would
diminish the traditional downward bias in self-reported BMI and could lead to an inflated
estimate of actual obesity trends. Two previous studies considered trends in measurement
error among Americans, but did not include detailed trend analyses of recent years during
which obesity became much more prominent in media and policy (5,8).

This paper investigates whether the relationship between self-report and objective
measurement has changed in the United States between 1999 and 2008 by analyzing both
bias and random error in the difference between actual BMI and BMI calculated from self-
reported height and weight.

DESIGN AND METHODS

We analyzed combined data from the five continuous two-year surveys of National Health
and Nutrition Examination Survey (NHANES) from 1999 through 2008, a multistage survey
of a representative sample of the non-institutionalized U.S. civilian population. Information
on self-reported height and weight was collected during an in-person interview followed by
physical examinations shortly afterwards measuring height and weight. The five surveys
collected data on a total of 24,693 respondents aged 20-89 years; study details are available
elsewhere (9). The current analyses are limited to 18,394 adults aged 20-89 years self-
classified as non-Hispanic Whites, non-Hispanic Blacks, or Mexican Americans, excluding
1,078 pregnant women and 3,066 respondents with either “flagged” or missing
anthropometric measures. BMI with flag was significantly higher as expected (e.g., for
wearing clothes), while self-report and measured BMI did not differ by the missingness
status. For sensitivity analysis, we imputed missing values using the MI procedure in
STATA, and the qualitative conclusions remained the same.

We considered the difference between the two BMI values (hereafter referred to as “BMI
difference”) for each respondent by subtracting “self-reported BMI” (calculated from self-
reported height and weight) from “measured BMI” (calculated from measured height and
weight). We performed the same analysis separately for height and weight. We examined
changes in the mean of the BMI difference (to measure systematic bias) and its variance (to
measure accuracy). There were 376 subjects with a BMI difference more than 3 SD-range of
the mean. A sensitivity analysis removing those outliers did not affect our conclusions.

Subgroup characteristics of interest included: BMI categories (“non-obese”, defined as a
measured BMI <30, and “obese”, defined as a measured BMI>30), sex, age groups (20-39
years, 40-59 years, and 60-89 years), racial/ethnic groups (non-Hispanic Whites, non-
Hispanic Blacks, and Mexican Americans). Trends in BMI difference were examined
through simple and multiple linear regressions; time was measured in survey year
(standardized to 0 at year 1999-2000). Sensitivity and specificity of obesity based on self-
reported BMI was obtained using measured BMI as the standard. Trends in misclassification
were examined through logistic regression. All results were considered statistically
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significant at P<0.05 unless indicated otherwise. We performed all analyses in STATA
version 12.0 (StataCorp LP, College Station, TX) and accounted for the sampling design.

RESULTS

Between 1999 and 2008, self-reported BMI consistently underestimated measured BMI by
an average of 0.53 units. Subgroup analyses regressing BMI difference and the squared
residual on survey year did not indicate significant linear time trends in the bias or the
degree of random error for any of the subgroups (Table 1).

We examined differential trends in the bias by the subgroups through multiple linear
regression of BMI difference on survey year, BMI categories, sex, age and racial/ethnic
groups, and their two-way interactions with survey year. Survey year or its interactions with
each of the subgroup characteristics were not significantly associated with BMI difference,
suggesting that there were no meaningful time trends or differential trends by the subgroups.
We also assessed quadratic and cubic polynomial models with respect to survey year to test
for non-linear trends and none of the coefficients were significant. BMI categories, sex, and
age groups were independently associated with BMI difference. Underestimation of BMI
was significantly greater among: obese individuals (compared with non-obese individuals)
by 0.96 units (SE=0.066; p <0.001), females (compared with males) by 0.42 units
(SE=0.048; p <0.001), non-Hispanic Whites (compared with Mexican Americans) by 0.22
units (SE=0.094; p=0.023) and individuals aged 60-89 years (compared with 20-39 years
and 40-59 years) by 0.25 units and 0.34 units (SE=0.074; p=0.001 and SE=0.063; p
<0.001).

We examined differential trends in the degree of random error through multiple regression of
the squared residual (actual BMI difference minus predicted BMI difference from the
model) on the same set of independent variables. Again, there were no significant trends,
neither in the direct effect of year nor in interactions with any subgroup characteristics.
Reporting accuracy varies across the subgroups (but does not change over time). The
squared residual was significantly greater among: obese individuals (compared with non-
obese individuals) by 3.00 squared-units (SE=0.593; p <0.001), and individuals aged 40-59
years (compared with 60-89 years) by 1.02 squared-units (SE=0.431; p=0.020) and non-
Hispanic Black and Mexican Americans (compared with non-Hispanic Whites) by 5.13
squared-units (SE=1.727; p=0.003) and by 2.07 squared-units (SE=0.707; p=0.004),
respectively.

We repeated the analysis using height and weight as outcome variables. We did not find
changes over time in accuracy, or differential changes by subgroups (Tables 2 and 3).

We compared the sensitivity and specificity of obesity (BMI=30) to examine the net impact
of the measurement error on classification of relative weight status. Because of the
downward bias in self-reported BMI, the sensitivity (i.e., the percentage of obese individuals
correctly identified as obese by self-reported BMI) was consistently lower than the
specificity (i.e., the percentage of non-obese individuals correctly identified as non-obese by
self-reported BMI) as a whole and among any subgroups (full results not shown but
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available from the corresponding author upon request). An estimated 15.5% of obese
individuals and 2.4% of non-obese individuals were misclassified as non-obese and obese,
respectively, resulting in underestimation of obesity prevalence. Logistic regression analyses
did not indicate significant time trends in misclassification (correctly vs. incorrectly
classified) for any of the subgroups.

We tested for differential trends in misclassification by the subgroups through multiple
logistic regression of the misclassification status on the aforementioned set of independent
variables. Survey year or its interactions with each of the subgroup characteristics were not
statistically significant. The odds of misclassification among obese individuals was 7.2 times
(SE=1.15; p<0.001) that among non-obese individuals. Among Mexican Americans, the
odds was 2.1 times (SE=0.03; p<0.001) that among non-Hispanic Whites. Other subgroup
characteristics were not associated with misclassification.

DISCUSSION

The study examined whether the relationship between self-report and objective measurement
of relative weight status changed between 1999 and 2008, a plausible scenario given the
increased media coverage of obesity. There is no evidence that people’s responding
behaviors have changed. We find no changes over time in accuracy of self-reported BMI and
misclassification of weight status nor any differential changes by subgroups. The downward
bias in classifying weight status has remained stable over the last decade; approximately one
in six to seven obese individuals were misclassified as non-obese due to underestimation of
BMI.

There could be a secondary effect on the accuracy of overall trends to the extent that the US
population demographics change. The increasing proportion of Hispanics and older people
(10) may add to misclassification of weight status, given the larger random error and the
greater downward bias in self-report among those groups. If the population were to continue
to gain weight (11) and to have the same level of bias, it could lead to underestimated trends
when using self-report. Severe obesity has been increasing even more rapidly than moderate
obesity (12), so we would expect that if there is any bias in using self-report for trend
estimates, it would be in the direction of underestimating increases. Nevertheless, the lack of
time trends in self-report BMI bias among obese individuals, despite the increase in severe
obesity and expected increase in reporting bias, may suggest that differentials in self-report
biases among obese individuals have diminished over the period. A study reports improved
accuracy of self-report BMI among obese individuals between 1988-1994 and 2005-2008,
using NHANES data, and relates it to increased acceptance of obesity status (8).

The study findings may be considered as a lower bound of bias and random error associated
with self-reported anthropometric measures. In NHANES, self-report may be more accurate
because the survey was conducted in-person and it was followed by an examination
(3,13,14). Self-report biases may be larger in telephone surveys (e.g., the Behavioral Risk
Factor Surveillance System), or in-person interviews without physical examinations (e.g.,
the National Health Interview Survey) (3,13,15).
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