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Abstract

Household scanner data are a rich resource for understanding food purchasing habits in the United
States. The IRI Consumer Network provides a detailed account of the retail food purchases for a
large, nationally representative sample. These data further include self-reported height and weight for
a subset of households that complete the MedProfiler survey. Together, the Consumer Network and
MedProfiler surveys provide a unique opportunity to study the relationship between diet and obesity.
This report includes an assessment of the MedProfiler height and weight data in determining body
mass index (BMI) for children and adults, using MedProfiler data from 2012 to 2018 and National
Health and Nutrition Examination Survey data from 2011-2012 to 2017-2018. In addition, be-
cause self-reported height and weight may often be misreported in survey data, the report explores
adjustment methods to account for any self-reporting measurement bias. Finally, since food-purchase
data are collected at the household level, the report includes a comparison of methods for defining
the obesity status of a household.

Keywords: IRI, Consumer Network, MedProfiler, body mass, BMI, obesity, scanner data, food
expenditures, self-reporting bias, measurement bias
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What Is the Issue?

Sabrina K. Young, Elina T. Page, Abigail Okrent, Megan Sweitzer

The high prevalence of obesity in the United States has health, social, and eco-
nomic costs for both the affected individuals and society as a whole. The role
that diet plays in obesity is an important area of research. A useful proxy for diet
is available in scanner data from the IRI Consumer Network, which provides a
weekly picture of household food-at-home purchases. A subset of households

in the IRI Consumer Network—the IRI MedProfiler—also reports height and
weight for each household member. This enables researchers to calculate body
mass index (BMI) and investigate relationships between BMI and food purchas- |,
es, an important link in the fight against obesity and chronic disease. However, )
self-reported height and weight are often misreported in survey data. Biases may |
be more pronounced for some demographic groups, such as those for age, gender,
and/or race/ethnicity, increasing the risk of misrepresenting some groups more than others in obesity research.
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The ERS researchers who authored the report compare self-reported BMI from the IRI MedProfiler to the measured
BMI from the National Health and Nutrition Examination Surveys (NHANES) to assess the quality of the IRI data
and develop methods for improving it for use in research. The study also examines different ways to define house-
hold body weight status, for example, obesity status of the primary shopper or of all household members.

What Did the Study Find?

BMI based on parent- and self-reported height and weight in the IRI MedProfiler differs from BMI based on mea-
sured height and weight in NHANES. For children and youth (ages 2 to 19):

* Average reported BMI in the MedProfiler (19.79 kg/m?) is lower than measured BMI in NHANES (20.59
kg/m?2).

* Underweight (13 percent) and obese (20 percent) children and youths are more prevalent in the MedPro-
filer compared to NHANES (4 percent for underweight and 19 percent for obesity).

 Almost all distributions of BMI for children/youth between ages 2 and 19 by gender reported in the Med-
Profiler were statistically different from their measured counterparts in NHANES.

ERS is a primary source of economic research and analysis from the U.S. Department of Agriculture, providing timely
information on economic and policy issues related to agriculture, food, the environment, and rural America.

www.ers.usda.gov



Although systematic differences exist in adult BMI distributions between the MedProfiler and NHANES, the differ-
ences are generally smaller than those noted for children and youths. For adults age 20 and older:

* Average reported BMI in the MedProfiler is lower (28.86 kg/m?) than measured BMI in NHANES (29.23
kg/m?).

* Obese adults are less prevalent in the MedProfiler (35 percent) than in NHANES (39 percent).

All distributions of BMI by race and ethnicity and gender reported in the MedProfiler are statistically different from
their measured counterparts in NHANES. The study explored several methods for adjusting BMI distributions to
reduce measurement bias because of self-reported BMI data from the MedProfiler. The only method that resulted in
an improved prediction of measured BMI was based on a percentile-ranking regression model of self-reported BMI.
This option is available just for adults, however, because NHANES collects only measured height and weight—not
self- or parent-reported—for individuals under age 16. For children and youth, unadjusted data are preferred to
outlier exclusion methods that the authors tested, which alter demographic characteristics of the sample but do not
improve prediction.

The share of households classified as obese changed considerably with differing definitions of household obesity and
across household characteristics. Differences were especially pronounced for larger household sizes and households
with children.

How Was the Study Conducted?

This study examined patterns in body weight status across individuals and households using the IRI Consumer Net-
work household panel survey and the IRI MedProfiler survey from 2012 to 2018. The ERS researchers used height

and weight data from the National Health and Nutrition Examination Survey (NHANES) of the National Center for
Health Statistics to compare with self-reported height and weight data from the MedProfiler. To correct for possible
measurement bias in BMI calculations based on MedProfiler data, the researchers considered three adjustment methods:
(1) removing outliers based on the minimum and maximum measured height and weight values reported in NHANES;
(2) removing outliers based on the MedProfiler interquartile range; and (3) predicting BMI in the IRI MedProfiler using
measured BMI and percentile rankings of self-reported BMI in NHANES.

Using the percentile-ranking adjustment method for adults, with no adjustments for children and youths, the research-
ers classified households by body weight status as normal weight, overweight, and obese. They compared household
obesity levels for four possible ways of defining obesity at the household level, based on obesity of: (1) the primary shop-
per, (2) any member of the household, (3) at least half the household members, or (4) all household members. In a sub-
sample of households with children, four additional definitions of household obesity were considered based on obesity
of: (1) the primary shopper, (2) any child, (3) at least one adult and one child, or (4) all household members. Finally, the
researchers compared results for household obesity status for all households, by race and ethnicity of the primary shop-
per, and—for all households only—by the number of household members.

www.ers.usda.gov



Assessment and Adjustment of Body
Weight Measures in Scanner Data

Introduction

The obesity epidemic is a global phenomenon, with the obesity rate nearly tripling since 1975 (World Health
Organization, 2018). In the United States, the rate of obesity is higher than that of most countries, with over
40 percent of adults and about 21 percent of adolescent youths classified as obese (Ogden et al., 2020). By
2030, it is projected that nearly 50 percent of adults in the United States will be classified as obese, with nearly
25 percent of adults projected to have severe obesity (Ward et al., 2019).

Increasing U.S. obesity rates are linked to higher risks of morbidity and mortality from chronic illnesses at-
tributable to excess fat accumulation, such as type 2 diabetes, cardiovascular disease, and high blood pressure.
The economic impact of obesity on those affected directly by it and for the broader society was estimated to
be roughly $1.7 trillion in 2016 dollars, equivalent to 9.3 percent of the U.S. gross domestic product (GDP)
(Waters and Graf, 2018). This includes $480.7 billion in direct health care costs and an additional $1.24 tril-

lion in indirect costs due to lost economic productivity.

Diet is the primary contributing factor to obesity and the leading risk factor associated with death in the
United States (U.S. Burden of Disease Collaborators, 2018). Several studies have shown a link between body
mass index (BMI), a standard measure of body fat based on height and weight, and consumer food choices.
Diets low in essential nutrients and high in calories, with high consumption of sugar-sweetened beverages,
sweets, refined cereals, solid fats, and red and processed meats, are associated with obesity (see Wirfilt et al.
(2013) for a review). In general, U.S. residents tend to consume more calories than they need, and the compo-
sition of foods they consume is not consistent with dietary guidelines (U.S. Department of Agriculture and
U.S. Department of Health and Human Services, 2020; Mancino et al., 2018).

Household scanner data, which include commercial data on household food purchases, are a rich source of in-
formation on food purchasing patterns. These data have been used to study food demand (Dong et al., 2018),
food purchasing patterns across store formats and proximity (Volpe et al., 2017; Rahkovsky and Snyder,
2015), diet quality (Volpe and Okrent, 2012; Carlson et al., 2019), and the impact of specific food policies,
such as taxing sugar-sweetened beverages (Zhen et al., 2014).

Scanner data also allow researchers to link household food purchases to self-reported height and weight

of household members in order to better study and understand the relationship between diet and obesity.
Because a subsample of households report health measures for all household members including height and
weight, household scanner data can also be used to track changes in BMI and its association with specific
types of foods purchased by households over time (Chen et al., 2019). However, self-reported height and
weight are often misreported in survey data, and it is necessary to consider the quality of the data when calcu-
lating BMI and classifying household members as normal weight, overweight, and obese.

Studies show that adults tend to overreport height and underreport weight, and the degree of misreporting
varies with age, body weight, gender, and other sociodemographic characteristics. Rowland (1990) found in
self-reported and measured height and weight data from the National Health and Nutrition Examination
Survey (NHANES) II (1976-80) that height and weight were reported on average with small errors, but
larger systematic differences in the average reporting error were found in important population subgroups. In
particular, heavier people underreport their weight more than lighter people, and older people overreport their
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height more than younger people. Kuczmarski et al. (2001) found age was an important factor in classifying
body weight, height, BMI, and body weight status from self-reports in NHANES IIT (1988-94). They con-
cluded that overestimation of height by older adults may occur because a longer time has elapsed since height
was last measured and height decreases with age. Additionally, men are more likely than women to overes-
timate their height, while women, particularly young women, are more likely to underestimate their weight
(Spencer et al., 2002; Bolton-Smith et al., 2000). Race and ethnicity were also found to affect self-reported
height and weight (Stommel and Schoenborn, 2009; Wen and Kowaleski-Jones, 2012).

Using unadjusted self-reported height and weight in scanner data may cause bias in research on obesity and
food consumption. Studies have found that use of self-reported height and weight have implications for food
insecurity and mortality estimates by obesity status compared to using measured values (Lyons et al., 2011;
Keith et al., 2011). Since biases may be larger for some demographic groups, adjustments have the potential
to reduce bias in research due to differential misreporting.

The degree of misreporting can also vary with how a survey is administered. In-person interviews where the
subject expects to have height and body weight measured in the future, as is done in NHANES, results in less
self-reported mismeasurement compared to telephone- or web-based surveys, where there is no such expecta-
tion (Courtemanche et al., 2015).

Parent-reported height and weight for children may also suffer from measurement biases because children are
continuously growing, making it difficult for parents to keep accurate measurements. This may lead to paren-
tal reports that underestimate the measured height of children, especially for children going through puberty
(Wright et al., 2018). However, in a review of studies that made direct comparisons, the mean parent-reported
child height and weight were close to the corresponding measures’ means, usually within 1 centimeter or 1
kilogram (Himes, 2009). Himes noted some exceptions to this; specifically, Mexican-American mothers un-
derestimated child height in the U.S. Hispanic Health and Nutrition Examination Survey.! Himes concluded
that the prevalence of child obesity based on parental reports did not systematically differ from prevalence
based on direct measurements.

The first objective of this study is to validate and develop adjustments for self-reported height and weight
measures available in household scanner data. Specifically, the researchers compared self-reported height and
weight from the MedProfiler to self-reported and measured height and weight in NHANES to better under-
stand the quality of the IRI data. They then explored methods to correct for measurement bias for children
and youths and for adults. These included two outlier-removal methods for both age groups. The researchers
also predicted adult BMI in the IRI MedProfiler based on measured BMI and percentile rankings of self-
reported BMI in NHANES. By ensuring a reliable measure of BMI in the MedProfiler data, the goal was to
ultimately improve understanding of the differences in food purchasing patterns among households classified
as normal weight, overweight, and obese.

Government survey datasets that include food consumption—most notably NHANES—are typically col-
lected at the individual level rather than the household level. Scanner data, on the other hand, collect food
consumption data (in the form of food-at-home purchases) at the household level. This is a challenge when
using scanner data in obesity research since obesity is an individual characteristic and no global standard cur-
rently exists on how to define it at the household level. Therefore, an additional report objective is to consider
methods for defining the obesity status of a houschold. The researchers compared several definitions based

on the obesity status of household members and the presence of children. They compared household obesity
rates for all households, by race and ethnicity of the primary shopper, and—for all households only—Dby the
number of household members.

! Hispanic may be any race; race categories used in this report exclude those of Hispanic origin.
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Data Description

The primary data used in this analysis were from the IRI Consumer Network household scanner and the IRI
MedProfiler survey.? IRI Consumer Network household scanner data are derived from a nationwide panel

of over 120,000 households each year. Participants provide a detailed account of what food products they
purchased and when and where they shopped.® After households are recruited, they download a mobile ap-
plication or are provided with a handheld scanner to scan or input all their food purchases and transmit their
purchase data on a weekly basis via the internet. The household purchase data include product characteristics
(e.g., brand, size, type) and some limited nutrition data reported on the Nutrition Facts Panel, which together
give a robust picture of the types of foods that households purchased.* The household demographic data
include standard characteristics (e.g., household size, income, education, and race). These data are initially
collected when panelists are recruited, and all panelists are prompted to update their household demographic
data annually each January.

The Consumer Network is a nonprobability sample in which households are selected for panel membership
through stratified quota random sampling. Households are selected based on characteristics that best represent
the U.S. population in the 48 contiguous States. Selection is based on meeting quotas based on demographic
targets, such as household size, age of household head, race, ethnicity, education, occupation, presence of
children, and area of residence (Muth et al., 2016).

To ensure data quality, IRI checks the consistency of weekly data reporting of panelists and identifies house-
holds in the final sample that consistently report purchases throughout the calendar year (also called the static
panel). About one-half of the recruited households are included in the static panel and are assigned projection
factors (i.e., survey weights).

In addition to households reporting products with a barcode or Universal Product Code (UPC), a growing
subsample of the IRI static households also report purchases of random-weight products without a UPC (in-
creasing from 54 percent of households in 2012 to 86 percent in 2018). These products are sold by the pound
or count and include fresh fruits and vegetables, meat, cheese, baked goods, prepared foods, coffee, and bulk
candy, nuts, and seeds. Households in this subsample are known as the random-weight panel. For the assess-
ment of BMI based on self-reported height and weight, this study included only households that report both
UPC and random-weight purchases, since those households submit a complete report of their food purchases
and are more likely to be used in consumer food research.

The IRI MedProfiler is an opt-in survey on individual health and medical conditions offered to all households
in the Consumer Network each October. Between 2012 and 2018, over 50 percent of the static panel that
also reported random-weight purchases had at least one member respond to the MedProfiler survey in a given
year (ranging from 17,072 to 30,784 houscholds), with responses received from 40,118 to 69,713 individuals.
In the survey, adults 18 years or older are asked to report height and weight for themselves and for children in
the household. Individuals missing height or weight in the MedProfiler were excluded (1,188 individual ob-
servations), as were children under age 2 (3,022 child observations) in order to match the NHANES sample.
In this analysis, each household-year and individual-year was treated as a single, unique observation.

The Consumer Network static sample includes post-stratification weights (also called projection factors) that

2 Previous research by the U.S. Department of Agriculture examined the survey methodology, the representativeness of the de-
mographic makeup, and the reported expenditures of the houschold panel. See Muth et al. (2016) and Sweitzer et al. (2017) for more
information.

3 The same household may participate in more than 1 year.

4 More comprehensive nutrition data for food purchases reported in the IRI scanner data are available through the ERS Purchase to
Plate Crosswalk (Carlson et al., 2022).
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weight the data to match U.S. Census demographic targets, which help account for differences between the
composition of the static panel and the U.S. general population. Households included in the MedProfiler are
assigned a separate set of projection factors to weight the MedProfiler subsample to the U.S. population, and
these were used in all calculations throughout this analysis.

Because household demographic data and MedProfiler data are collected at different times of the year—Janu-
ary and October, respectively—differences in reported household composition are expected. For example, a
household in January may report a household size of two in the Consumer Panel sample and then a household
size of three in the MedProfiler sample in October of that year because of a birth. Small changes in household
size can plausibly occur between January and October because of births, deaths, divorce, and so on. However,
some changes in household size were deemed implausible for the analysis and assumed to be measurement er-
ror or a substantial change to household circumstances. To ensure quality of data reporting, 4,473 individuals
(based on MedProfiler counts) for which the reported household size in the demographic file and the number
of individuals responding to the MedProfiler survey differed by more than two were also excluded.’ The final
MedProfiler sample includes 320,682 adult observations (aged 20 and older) and 58,992 child and youth
observations (aged 2 to 19).° Figure 1 outlines the MedProfiler sample refinement.

Figure 1
Sample refinements and unweighted sample sizes of the IRI Consumer Network, 2012-18

448,483
households
1,081,696
individuals
320,608
households
787107
individuals

173,930
households
388,537
individuals
172,703
households
384,327
individuals
171,317
households
379,674
individuals

Note: Households and individuals that are in multiple years were counted as one unique observation in the cross section. Reliable
household size refers to differences of no more than two between the demographic file and the number of individuals responding to
the MedProfiler survey.

Source: USDA, Economic Research Service calculations based on the 2012-2018 IRl Consumer Network and MedProfiler Survey.

5 Even if large differences in household size represent actual changes in household composition, the authors believe these house-
holds still warrant exclusion from analysis because the food purchasing behaviors of these households likely substantially changed
within the reporting year.

¢ Since the projection factors scale the IRI MedProfiler-random weight sample to be consistent with demographic targets in the
U.S. population for a year, the authors divided the projection factors by a factor of 7 to produce 7 year estimates over all cycles of the

IRI MedProfiler.
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Since evidence suggests that self-reported weight suffers from downward biases and height from upward
biases, the researchers compared BMI based on self-reported height and weight in the MedProfiler to the
BMI reported and measured in the continuous NHANES for the 2011-2012, 2013-2014, 2015-2016,

and 2017-2018 cycles (2011-2018 in total).” 8 The NHANES surveys use complex, stratified, multistage
probability sampling to best represent the noninstitutionalized U.S. civilian population. Both measured and
self-reported height and weight information are collected in NHANES for the same individuals. Self-reported
height and weight are first collected during in-person interviews, and measured height and weight are collect-
ed several weeks later in physical examination centers by trained health technicians. Measurements by trained
technicians provide objective measures of height and weight that can be used to validate self-reported height
and weight data (Connor Gorber et al., 2007; Courtemanche et al., 2015; and Flegal et al., 2019).

The final 2011-2018 NHANES sample consisted of 20,409 adults aged 20 years and older (with ages 80 and
older in 1 category) and 13,080 children and youths aged 2 to 19 years. To achieve the final NHANES sample,
children younger than 2 years (2,568 child observations) and pregnant women (247 individual observations)
were excluded because BMI is not a reliable measure of body fat for these groups. Of this restricted sample,
participants missing measured height or weight variables were also excluded (2,168 individual observations).
Individuals aged 16 years and older were asked to report height and weight in interviews; however, these self-
reported values were used only for adults aged 20 and older in order to appropriately calculate BMI by age for
youth aged 16 to 19 rather than grouping them with adults. The NHANES sample was further restricted to
exclude 684 adults aged 20 and older because they refused, didn’t know, or were missing self-reported height or

weight information. The sample weights for the examination component were used in the estimation.”

Methods

This section describes methods for assessing reporting error in BMI in the MedProfiler based on reported
(self-reported and parent-reported) height and weight. This is done by comparing the distribution of BMI
for select subpopulations in MedProfiler against measured BMI (i.e., constructed from measured height and
weight) in NHANES. Because of systematic differences between the distributions of BMI reported in the two
datasets, the researchers also described methods to correct for bias arising from BMI based on reported mea-
sures of height and weight in the MedProfiler.

Assessment of Reporting Error in BMI (kg/m2) in Household Scanner Data

Many studies using self-reported height and weight to construct BMI found systematic differences between
those reported and actual measures (e.g., Courtemanche et al., 2015; Ezzati et al., 2006). Courtemanche et al.
compared densities of reported height and weight in the Behavioral Risk Factor Surveillance System (BRFSS)
and the American Time Use Survey (ATUS) with measured height and weight in NHANES—the “gold stan-
dard” (Centers for Disease Control and Prevention, National Center for Health Statistics). Using the Kol-
mogorov-Smirnov (KS) tests of equality between distributions, Courtemanche et al. found the BMI distribu-
tions based on NHANES were not equal to those of BRFSS and ATUS. Ezzati et al. (2006) compared obesity

7 BMI is calculated as body mass (weight) in kilograms divided by the square of body height in meters and is applicable to the
population aged 2 and older.

8 NHANES data are available in 2 year cycles. The authors used NHANES 2011-2012 but only MedProfiler for 2012 because the
USDA, ERS acquisition of IRT Consumer Network does not contain separate household demographic data for 2011 and the researchers
preferred more precise demographic information for the analysis.

9 The 2 year sample weights were combined to produce 8 year estimates over three cycles of NHANES by dividing the 2 year
weights by a factor of 4 (Chen et al., 2018).
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prevalence and average BMI based on measured BMI by age-gender cohorts in NHANES to their reported
counterparts in BRESS over time and across States. On average, they found that BMI reported in BRESS was
lower than BMI measured in NHANES in-person interviews across all age cohorts, but the magnitude of dif-
ference was larger for females.

Following both Courtemanche et al. and Ezzati et al., this study assessed the reporting error in BMI calculated
from self- and parent-reported height and weight in MedProfiler by comparing its distribution and popu-
lation-level obesity rates to measured BMI and obesity rates from NHANES. This analysis was conducted
separately for children and youths aged 2 to 19 years and adults aged 20 years and older because children and
youths are continuously growing, and overweight and obese cutoffs vary by age and gender. For adults, the
BMI distributions within each dataset were examined by gender and demographic profile.!? For both youths
and adults, the demographics, average weight, height, BMI, and population-level prevalence of underweight,
normal weight, overweight, and obese were compared across datasets. T-tests were used to determine if differ-
ences in demographic and body weight composition between the two samples were statistically significant.

In addition, the researchers used the two-sample Kolmogorov-Smirnov test (KS test) to determine if the distri-
bution of BMI based on self-reported height and weight (MedProfiler) is drawn from the same distribution as
the distribution of BMI based on measured height and weight (NHANES) (Massey, 1951). The test statistic,
or D statistic, is formed under the null hypothesis that the samples were drawn from the same distribution:

Dm,n = m3X|Fm(x) - El(x)l:

where x is the variable of interest, in this case BMI, and F,,(x) and F,(x) are weighted empirical cumulative
distribution functions of BMI based on NHANES (72) and MedProfiler (1), respectively.!! Hence, a rejection
of the null hypothesis indicates that the two variables were not drawn from the same distribution.

Adjustments for Reducing Measurement Bias

The researchers examined several ways to adjust the IRI MedProfiler BMI distributions to reduce measure-
ment bias introduced from using reported rather than measured height and weight in BMI calculations.

First, the researchers adjusted BMI by eliminating outliers for the child and youth distributions and the adult
distributions. Outliers were removed from the full stacked IRI MedProfiler 2012—18 data in two ways: (1)
based on the minimum and maximum measured height and weight values reported in NHANES (NHANES-
outlier method) (e.g., Freedman et al., 2015) and (2) based on the interquartile range (IQR-outlier method)
(e.g., Rousseeuw and Croux, 1993). The NHANES-outlier method limits the sample by excluding individuals
outside of the maximum and minimum height and weight in NHANES, stratified by gender and race/eth-
nicity for adults and stratified by gender and age for children.!? For example, the measured heights for adult
White females in NHANES ranged from 53 inches (1.3 meters) to 74.5 inches (1.9 meters). The measured
weights ranged from 71.4 pounds (32.4 kilograms) to 450.6 pounds (204.4 kilograms). IRI respondents with
a reported height or weight outside either range were excluded as an outlier. The IQR-outlier method used the
interquartile range (i.e., the range between the 25th and 75th percentile) to exclude heights and weights of in-
dividuals in each gender and race/ethnicity (or age for children and youths) that were more than 1.5 times the
interquartile range below the 25th percentile or 1.5 times the interquartile range above the 75th percentile.

For adults aged 20 and older, the researchers corrected for BMI measurement bias present in the MedProfiler

10 The count of children in each gender-age cell in NHANES was too small to extend the child and youth analysis by demo-
graphic profiles.

'The KS tests were performed using the user-written ksmirnov2 command in Stata (Mittag, 2012).

12 The NHANES outlier method is applied to each gender-age cohort in the MedProfiler because children and youth are growing
in these years.
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using both self-reported and measured BMI in NHANES. This method is only possible for adults because
NHANES only collects measured height and weight for individuals under age 16 (not self-reported); there-
fore, these adjustments for children and youths could not be used. In practice, the standard method for
correcting self-reported height and weight measurement error is to regress measured height and weight on
self-reported height and weight using a validation sample that contains both measures (e.g., NHANES). Then
the estimated coefficients from this regression are used to predict the measured values in the survey of interest
(e.g., MedProfiler). This adjustment has been used on self-reported height and weight in the National Lon-
gitudinal Survey of Youth (NLSY) (Cawley, 2004; Baum, 2009), Behavioral Risk Factor Surveillance System
(BRESS) (Chou et al., 2004; Ezzati et al., 2006), and National Population Health Survey (Canada) (Gotay et
al., 2013; Larose et al., 2016). This standard method assumes that the validation survey and survey of interest
are derived using the same measurement methods. As noted by Han et al. (2009) and Pinkston (2015), when
NHANES respondents reported height and weight in person they were aware that in the future their height
and weight would be measured in person. Both studies highlight that this is not the case with NLSY, in which
respondents reported height and weight over the phone with no expectations of in-person measurement. The
MedProfiler presents a similar concern.

Instead, the researchers used the Courtemanche et al. (2015) BMI adjustment method, which relies on weaker
assumptions about the relationship between measured and reported values in the validation sample and the
sample of interest. Rather than using reported values, this method predicts measured values using the percen-
tile rank of the self-reported values in their respective distributions. Hence, the method is robust to differences
across samples in the severity (or type) of measurement error—as long as the rankings of respondents based
on reported values align with the rankings based on measured values in both the validation sample and the
sample of interest (and that both samples represent the same population, e.g., nationally representative).

The steps to adjust for self-reporting bias using the Courtemanche et al. (2015) correction are as follows:

1. Estimate percentile rank of self-reported BMI in the validation dataset.!?

2. Generate cubic basis splines (b-splines) of the percentile ranks from step 1, essentially splitting up the

polynomial into segments.'4

3. Regress measured BMI on age polynomials, and the generated splines from step 2 with the validation
dataset for each race/ethnicity and gender group.

4. Predict measured BMI using the estimated coefficients from step 3 with the dataset of interest.

In sum, the researchers calculated two adjustment methods for children and youths (the two outlier methods)
and three adjustment methods for adults (the outlier methods and the percentile ranking regression method).
Using t-tests and KS tests, the researchers then evaluated whether the adjustment methods correct for self-
reporting bias in the MedProfiler survey.

13 While the steps outlined here adjust BMI directly, this method can also be applied to adjust self-reported height and weight.

14 Because percentile ranks are distributed berween 0 and 1, while actual (and reported) measures are not, regressing actual mea-
sures on simple polynomials of the percentile rank likely result in predicted values that are poor fits for actual measures. Instead, the
authors generated cubic basis splines (b-splines) of the percentile ranks and regressed the measured values on b-splines in percentile
ranks. The b-splines were estimated using the user-written b-spline command in Stata (Newsom, 2000).
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Results for Children and Youths

The demographics, body weight class, and BMI distributions for children and youths aged 2 to 19 years based
on measured values in NHANES were compared with those reported in the MedProfiler.!® Because statisti-
cally significant differences were found between the measured and reported distributions, the authors also
compared these distributions after excluding outliers based on minimum and maximum height and weight
measured in NHANES and based on the MedProfiler IQR. Ultimately, the outlier methods applied to the
child and youth MedProfiler sample did little to correct for measurement bias from using reported values in
calculating BMI.

Validation of BMI in Household Scanner Data

The demographic and body weight class composition of the child and youth samples between NHANES and
MedProfiler differ considerably (columns 1 and 2 of table 1). The NHANES child and youth sample was

52 percent White, whereas the MedProfiler sample was 64 percent White. About 24 and 14 percent of the
NHANES child and youth sample was Hispanic and Black, respectively, compared to 18 and 11 percent of
the MedProfiler sample. The difference in gender composition between the two datasets was not statistically
significant and less than 1 percentage point in magnitude.

Table 1
Mean BMI (kg/m?) and distributions of children and youths in NHANES and MedProfiler by demo-
graphic group, body weight class, and adjustment method

(1) (2) (3)
Adjusted
MedProfiler (reported)
NHANES Unadjusted MedProfiler DS IQR outliers
(measured) (reported) outliers excluded
excluded
Sample size 13,080 58,992 57,805 58,319
Distribution of population by demographic group (percent)
i 23.80 18.18*** 7S]t i8S
P (1.83) (016) (016) (026)
White 51.98 63.80%** 64.56%** 64.59***
(2.38) (0.20) (0.21) (0.20)
Black 13.99 055 10.76*** 10.59%**
(1.28) (013) (013) (013)
Asian 4,76 4,63 4,53 4,72
(0.47) (0.09) (0.09) (0.09)
- 5.48 P 2.24%%* 2.27%%*
Other race or ethnicity (0.37) (0.06) (0.06) (0.06)
Male 50.99 5175 51.89** 51.93**
(0.61) (0.21) (0.22) (0.21)
20.59 19.79%** 1915288 Teyesss
2
izl 10 (etine (0.08) (0.03) (0.022) (0.020)

continued on next page »

15 For the MedProfiler, height and weight are reported by parents for children and youths under the age of 18 and self-reported for
youths aged 18 and 19. BMI based on parent- or self-reported measures are referred to as reported throughout this section.
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< continued from previous page

(1) (2) (3)
Adjusted
MedProfiler (reported)
Unadjusted NHANES .
(r’:;::’:ii) MedProfiler outliers I%ECTS;L'SS
(reported) excluded
Distribution of population by body weight class (percent)
Uiraleriali 3.64 12.71%%* 11.66*** 12.98***
9 (0.27) (014) (014) (014)
Normal weight 62.39 53.90%** 57.82%** 57.01%**
9 (0.62) (0.21) (0.21) (0.21)

. 15.50 139250 13183 1335
Overweight (0.39) (014) (015) (015)
Obese 18.48 20.14%** 16.69*** 16.27%*+*

(0.55) (017) (0.16) (0.16)

BMI = body mass index

Note: Hispanic may be any race; race categories exclude those of Hispanic origin. MedProfiler body weight data are reported by
parents for children and youths under age 18 and self-reported for youths ages 18 and 19. Sample weights and projection factors
were used in all calculations. For children and youths, body weight classification is based on age and gender (see Centers for Dis-
ease Control and Prevention, National Center for Health Statistics, 2021). The NHANES-outlier method excludes height and weight
values that fall below or above the minimum and maximum height and weight for children and youths by age and gender reported in
NHANES. The IQR-outlier method excludes height and weight values that fall below or above the interquartile range (IQR) for chil-
dren and youths by age and gender. Asterisk (*), double asterisk (**), and triple asterisk (***) indicate that the t-test of a difference
between the NHANES (measured) sample and the MedProfiler samples is significant at the 10-, 5-, and 1-percent levels, respectively.

Source: USDA, Economic Research Service calculations based on 2011-2018 National Health and Nutrition Examination Surveys
(NHANES) and the 2012-18 IRl MedProfiler Survey.

BMI based on measured height and weight for children and youths in NHANES is higher (20.6 kg/m?) on
average compared to its reported counterpart in the MedProfiler (19.8 kg/m?). Children and youths in the
MedProfiler are more likely to be reported as underweight (12.7 percent vs. 3.6 percent) or obese (20.1 per-
cent vs. 18.5 percent) compared to children and youths in NHANES; they are less likely to be normal weight
(53.9 percent vs. 62.4 percent) or overweight (13.3 percent vs. 15.5 percent). These differences are all statisti-
cally significant at the 1-percent level.

Differences in the measured and reported BMI distributions between the two datasets also vary by age and
gender for the child and youth samples as shown in table 2. Except for a few ages, for both male and female
children and youths, reported median BMI in the MedProfiler is generally lower than NHANES. Addition-
ally, for both male and female children and youths, the 90th percentile is consistently lower in the MedProfiler
starting at age 9. The differences in medians of each age-gender distribution between the measured NHANES
and the reported MedProfiler are less than or equal to 1 kg/m? with the exception of male children and youths
aged 14 and 18 and female children and youths aged 12, 14, and 17. However, the differences in the 90th
percentiles are sometimes quite large, ranging from -3.9 kg/m? to 8.6 kg/m?. Examining other moments of
the distributions (table A.1), reported BMIs based on the MedProfiler sample were more skewed to the right,
with fatter tails compared to distributions using NHANES across most of the age-gender groups. Consistent
with these noted differences, the KS tests for each gender-age distribution indicated that the reported BMIs

in MedProfiler and measured BMIs in NHANES were not sampled from the same population (table 2). The

only exception to this was for males at age 12.
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Table 2
Mean, percentiles, and tests of distributions of measured (NHANES) and reported (MedProfiler)
BMI (kg/m?) for children and youths by age and gender

Percentiles
Mean 50th 90th
NHANES MedProfiler NHANES MedProfiler NHANES MedProfiler KS test
Age and Sex (measured) (reported) (measured) (reported) (measured) (reported) (D-statistic)
Male
2 16.85 19.10 16.70 1710 18.60 2700 0.28%**
S 16.58 17.50 16.20 16.27 18.30 21.94 Q25
4 16.30 16.95 15.90 16.10 18.40 21.09 0.19%**
5 16.43 16.99 16.10 15.95 18.60 21.74 0.18***
6 16.71 17.00 16.00 15.75 19.70 22.56 0.22%**
7 17.35 17.09 16.40 16.10 22.20 22.59 0.18***
8 17.95 17.97 16.90 16.78 22.90 24.21 0.15%**
9 18.50 18.32 17.40 17.43 24.40 23.80 025
10 19.96 1915 19.00 18.16 26.10 25.02 0.11%**
1 20.89 19.89 19.70 18.82 2710 25.10 0.14%**
12 20.65 20.42 19.30 19.53 2770 26.90 0.07
13 22.47 21.00 20.60 20.02 30.90 2743 @gfFE
14 22.99 21.92 21.60 20.52 30.20 28.24 0.13***
15 23.95 22.31 22.30 21.41 32.50 29.02 0i5EES
16 24,22 23.01 22.80 21.94 3140 30.03 0.12%**
17 24.75 23.51 23.40 22.36 32.90 30.84 0258
18 25.64 23.94 2410 22.95 34.20 30.89 0.12%**
19 25.73 24.72 24.30 23.49 34.20 32.98 035
Female

2 16.47 18.89 16.40 16.78 18.20 26.85 0.32%*
3 16.16 17.52 15.90 16.27 17.90 22.65 0.23***
4 16.41 16.83 16.10 15.94 18.70 21.70 0.18***
5 16.29 16.71 15.80 15.94 18.90 21.79 0.24%**
6 16.85 16.94 16.00 15.94 21.00 21.70 Q775
7 17.24 1717 16.40 16.17 21.90 22.52 0.15%**
8 18.19 17.83 17.20 16.77 23.20 23.95 0.17***
9 1942 18.43 17.80 17.57 25.00 24,23 0.17***
10 19.68 191 1910 18.20 25.30 24,70 0.10%**
n 20.95 20.25 19.50 18.98 28.40 26.93 0.09***
12 22.37 20.68 21.30 19.79 29.50 26.57 0.18***
13 22.54 21.53 20.70 20.54 30.30 28.24 0.11%%*
14 23.62 22.44 22.40 2114 30.10 29.75 0.14%**
15 2417 237 22.60 21.64 32.60 30.90 0.11%**
16 24,92 23.52 22.90 21.95 33.40 31.63 OO
17 25.34 23.97 23.60 22.31 33.10 31.95 0.13%**
18 25.99 24,55 23.70 22.80 36.80 32.92 @gfFE
19 26.39 24.85 23.80 22.86 3770 33.81 0.10**

BMI = body mass index.

Note: MedProfiler body weight data are reported by parents for children and youths under age 18 and self-reported for youths ages
18 and 19. Sample weights and projection factors are used in all calculations. The Kolmogorov-Smirnov (KS) test compares the dis-
tributions for NHANES and MedProfiler datasets for each age-gender group. Asterisk (*), double asterisk (**), and triple asterisk (***)
indicate that the D-statistic is significant at the 10-, 5-, and 1-percent levels, respectively.

Source: USDA, Economic Research Service calculations based on 2011-2018 National Health and Nutrition Examination Surveys
(NHANES) and the 2012-2018 IRI MedProfiler Survey.

The overall relationship between age and BMI for children and youths based on reported values in the
MedProfiler and measured values in NHANES is similar in terms of relative positioning of the estimated
kernel-weighted local polynomial curves across demographic groups (figure 2). Generally, after age 5, BMI
increases with age, with Asian children and youths having the lowest BMI, followed by White children and
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youths. However, notable differences also exist between the two samples in terms of the shape of relation-
ship between age and BMI. In particular, BMI for children 8 years of age or less based on reported values in
MedProfiler are markedly less than BMI based on measured values in NHANES. This produces a more pro-
nounced J-shape relationship between age and BMI in the MedProfiler compared to NHANES. This J-shape
is, however, in line with BMI-for-age percentiles published by the Centers for Disease Control and Preven-
tion (Centers for Disease Control and Prevention, National Center for Health Statistics, 2017). In contrast,
for children older than age 8, BMI based on MedProfiler tends to be less than that based on measured values
NHANES. Hence, the slope of the relationship between age and BMI is greater for NHANES at older ages
compared to the MedProfiler.

Figure 2
Relationship between age and BMI (kg/m?) for children and youths by gender and demographic group

BMI (kg/m?) Female
MedProfiler (reported, unadjusted) NHANES (measured)

30 A
25
20
15 o

I I 1 1 1 I 1 1 1 1

0 5 10 15 20 0 5 10 15 20

Age (years)
BMI (kg/m?) Male
MedProfiler (reported, unadjusted) NHANES (measured)

30 -
25
20
15 A~

I

0

Age (years)
95% ClI ———— \\/hite
eeee———— Black e ASian

——— Hispanic

BMI = body mass index.

95% CI = 95-percent confidence interval. This measure indicates that there is 95 percent confidence that the true population param-
eter resides in this range.

Note: Hispanic may be any race; race categories exclude those of Hispanic origin. Sample weights and projection factors used in all
calculations. Two implausible outliers (BMI>500) based on the IRl MedProfiler were excluded for ease of viewing overall trends.

Source: USDA, Economic Research Service calculations based on kernel-weighted local polynomial smoothing and the 2011-2018
National Health and Nutrition Examination Surveys (NHANES) and the 2012-2018 IRI MedProfiler Survey data.
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Adjustments for Reducing Measurement Bias

For children and youths, the researchers tested two methods for adjusting the sample to reduce measurement
bias (column 3 of table 1). The first method limits the MedProfiler sample to children and youths within the
minimum and maximum measured height and weight by gender and age in NHANES, which excludes 4,986
children and youths. The second method limits children and youths with height and weight values within the
interquartile (IQR) range within each age and gender group, which excludes 3,940 children and youths.

Application of the outlier methods to the MedProfiler did not improve distributions of reported BMI for
gender-age groups compared to NHANES. Both the IQR- and NHANES-outlier methods reduce average
reported BMI for children and youths in the MedProfiler from 19.8 to 19.5 and 19.1 kg/m?, respectively,
which is still almost 1 kg/m? less than measured BMI (20.6 kg/m?) in NHANES. Examining the adjustments
by gender and age, the NHANES-outlier method mostly excludes children less than 6 years of age, so that the
mean and 90th percentiles for these ages, especially for females, are markedly different from the unadjusted
MedProfiler (table A.2).'® In contrast, the IQR-outlier method mostly excludes youths 10 years of age and
above, resulting in larger differences in mean and 90th percentiles between the unadjusted and IQR-adjusted
samples at older ages.!” The NHANES-outlier method also adjusts the skewness (which measures symmetry
of a distribution) and kurtosis (which measures the thickness of a distribution’s tails) of BMI distributions

for most ages to better align with their measured counterparts, whereas the IQR-outlier method does little to
adjust these upper moments (tables A.1 and A.2). Last, absolute differences between mean and median BMI
across most of the age-gender groups based on the adjusted MedProfiler and the measured NHANES samples
are larger than those based on the unadjusted MedProfiler and measured NHANES samples. Hence, in many
cases, the outlier adjustment methods exacerbate differences between the reported BMI in the MedProfiler
and those measured in NHANES.

Statistically significant differences also persist between NHANES and the adjusted MedProfiler samples with
regard to the distribution of population by body weight class (table 1). The proportion of adjusted samples
categorized as underweight is still significantly larger compared to those in the measured NHANES sample (4
percent)—12 percent for the NHANES outlier method and 13 percent for the IQR outlier method. Although
the proportion of the MedProfiler sample categorized as normal weight, overweight, and obese modestly
improved using both adjustment methods, the differences were still statistically significant compared with
measured NHANES (table 1 and see also table A.3). Overall, these outlier methods do little to adjust the dis-
tributions of BMI based on reported values in the MedProfiler to align with those based on measured values

in NHANES.

Results for Adults

As in the child and youth analysis, statistically significant differences were found between the measured and
reported distributions in the adult sample, although the differences were smaller. In addition to excluding out-
liers to correct for measurement bias in the MedProfiler, the researchers also corrected for self-reporting bias
using a percentile ranking regression.

16 Of all excluded children and youths using the NHANES-outlier method, 51 percent are less than 6 years of age.
17 Of all excluded children and youths using the IQR-outlier method, 57 percent are above the age of 10.
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Validation of BMI in Household Scanner Data

Statistically significant differences exist between the MedProfiler and NHANES samples in terms of the demo-
graphic and body weight composition of adults (columns 1 and 2 of table 3). Compared to NHANES, the
adult population of the MedProfiler is more White (70 percent versus 66 percent) and less male (45 percent
versus 49 percent).

Table 3
Mean BMI (kg/m?2) and distributions of adults in NHANES and MedProfiler by demographic group,
body weight class, and adjustment method

(1) (2) (3)
Adjusted
MedProfiler (reported)
NHANES Unadjust.ed NHANES IQR outliers Predicted
MedProfiler outliers .
excluded percentile rank

(reported) excluded
Sample size 20,409 320,682 318,400 303,235 320,682
Distribution of population by demographic group (percent)

. . 14.00 13.05%** 13.02%** 13.07%*%* 13.05%**
Hispanic (111) (0.06) (0.06) (0.06) (0.06)
White 65.62 70.06*** 70.18*** 70.04%** 70.06***

(1.62) (0.08) (0.08) (0.08) (0.08)
Black n44 10.57%** 10.57%** 10.471%** 10.51%**
(0.96) (0.05) (0.05) (0.06) (0.05)
Asian 5.565 411%%* 4,09%** 411%%* 417%%*
(0.48) (0.04) (0.04) (0.04) (0.04)
Other race or ethnicit A 2 Az 2 A
y (0.24) (0.03) (0.03) (0.03) (0.03)
Male 48.89 44,92%%* 44,94%** 45,09%** 44,92%**
(0.37) (0.09) (0.09) (0.09) (0.09)
Measured Reported
Mean BMI (kg/m?) 29.23 28.49%+* 28.86%+* 28,81+ 2818%+* 29.27
(0.12) (0.11) (0.013) (0.01) (0.01) (0.01)
Distribution of population by body weight class (percent)
Underweight 153 1.57%%* 1.94%* 1.83%** 1.88%** 1.08***
9 (010) (012) (0.02) (0.02) (0.02) (0.02)
Nl weteli 2743 31.00%** 29.89*** 29,99%** 30.94*** 27.86
9 (0.64) (0.69) (0.08) (0.08) (0.08) (0.08)
Overweight 32.33 33.52%** 3317 33.32%** 34.48%** 32.42
9 (0.54) (0.56) (0.08) (0.08) (0.09) (0.08)
Obese 38.71 33.90*4* 35.00%** 34.86%** B2Vilikes 38.64
(0.75) (0.74) (0.08) (0.08) (0.09) (0.09)

BMI = body mass index.

Note: Hispanic may be any race; race categories exclude those of Hispanic origin. Sample weights and projection factors are used
in all calculations. For adults, a BMI below 18.5 is classified as underweight, between 18.5 and 24.9 is classified as normal weight,
between 25.0 and 29.9 is classified as overweight, and 30.0 and above is classified as obese. The NHANES-outlier method excludes
height and weight values that fall below or above the minimum and maximum height and weight for adults reported in NHANES.
The IQR-outlier method excludes height and weight values that fall below or above the interquartile range (IQR). The predicted
percentile rank method uses predictions of BMI based on a linear regression of measured BMI on percentile rankings of self-re-
ported BMI in NHANES. Asterisk (*), double asterisk (**), and triple asterisk (***) indicate that the t-test of a difference compared to
NHANES (measured) is significant at the 10-, 5-, and 1-percent levels, respectively.

Source: USDA, Economic Research Service calculations based on 2011-2018 National Health and Nutrition Examination Surveys
(NHANES) and the 2012-2018 IRI MedProfiler Survey.

Like many previous studies using reported measures, NHANES reported height is overreported and weight is un-

derreported compared to measured height and weight values in NHANES. For 2011-2018 NHANES, the average

reported height for adults 20 years and older is 66.9 inches (1.70 meters), a statistically significant 0.8 inches more

than measured height (66.1 inches; 1.68 meters). Although average reported weight is 1.7 pounds (0.78 kilograms)
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less than its measured counterpart in NHANES, this difference is not statistically significant at the 5-percent level.
Taken together, average BMI calculated using measured height and weight is 0.74 kg/ m? more than BMI based on
self-reported height and weight, and the population characterized as being obese is 5 percentage points less. Unlike
the reported values in NHANES, both average reported height and weight in the MedProfiler adult sample are
greater than measured height and weight in NHANES. But similar to average BMI based on reported height and
weight in NHANES, BMI based on MedProfiler is less than average BMI based on measured height and weight in
NHANES (28.9 versus 29.2 kg/m?). Thus, less of the MedProfiler adult sample is classified as obese compared to
NHANES (35 percent versus 39 percent).

Figure 3 compares the densities of adult BMI by dataset (measured NHANES and reported MedProfiler), race

or ethnicity, and gender, and illustrates some differences between the distributions. First, reported BMI in the
MedProfiler tends to have larger standard deviations and be more skewed than the measured BMI for most of the
gender and demographic profiles (table A.4). In addition, the median and 90th percentiles for reported BMI in
the MedProfiler are generally less than those using measured BMI in NHANES (table 4). Last, the BMI distribu-
tion based on the MedProfiler has more extreme BMI values (figure 3) and larger kurtoses compared to measured
BMI in NHANES (table A.4). Consistent with the comparison of sample moments, the KS test indicates that the
distribution of reported BMIs for adults in the MedProfiler is not drawn from the same population distribution as

the measured BMIs in NHANES (table 4).

Figure 3a
Measured (NHANES) and reported (MedProfiler) BMI (kg/m?) for adult females by demographic group

Density Hispanic Density Asian
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BMI = body mass index.
Note: Sample weights and projection factors are used in all calculations.

Source: USDA, Economic Research Service calculations based on Epanechnikov kernel density estimations (half-width of kernel
equal to 3) and the 2011-2018 National Health and Nutrition Examination Surveys (NHANES) and the 2012-2018 IRl MedProfiler
Survey data.
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Figure 3b
Measured (NHANES) and reported (MedProfiler) BMI (kg/m?2) for adult males by demographic group

Density Hispanic Density Asian
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MedProfiler male m= mm == easured NHANES male

BMI = body mass index.
Note: Sample weights and projection factors are used in all calculations.

Source: USDA, Economic Research Service calculations based on Epanechnikov kernel density estimations (half-width of kernel
equal to 3) and the 2011-2018 National Health and Nutrition Examination Surveys (NHANES) and the 2012-2018 IRl MedProfiler

Survey data.
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Table 4
Mean, percentiles, and tests of distributions of measured (NHANES) and reported (MedProfiler)
adult BMI (kg/m?) by gender and demographic group

Mean 50th percentile 90th percentile
NHANES MedProfiler NHANES MedProfiler NHANES MedProfiler KS test
(measured) (reported) (measured) (reported) (measured) (reported) (D-statistic)

Male
Hispanic 29.8 29.0 291 28.0 36.9 370 0.10%**
White 291 28.9 28.2 279 36.7 36.9 0.03***
Black 29.0 29.4 28.0 28.2 38.1 38.0 0.06%**
Asian 25.7 26.3 25.2 25.7 30.9 32.3 0.08***
Other race or 30.0 287 28.8 275 39.5 36.8 0.09%+*
ethnicity
Female
Hispanic 304 28.8 29.2 273 40.0 39.0 0.16%**
White 29.0 28.8 276 273 39.3 391 0.04***
Black 32.3 30.8 31.2 29.2 43.4 421 0.]2%**
Asian 24.7 24.3 23.8 23.2 31.3 30.9 0.06***
Other race or 30.3 296 28.8 275 M7 412 010%**
ethnicity

BMI =body mass index.

Note: Hispanic may be any race; race categories exclude those of Hispanic origin. Sample weights and projection factors are used
in all calculations. The Kolmogorov-Smirnov (KS) test compares the distribution of BMIs based on MedProfiler reported height and
weight to the NHANES measured values. Asterisk (*), double asterisk (**), and triple asterisk (***) indicate that the D-statistic is
significant at the 10-, 5-, and 1-percent levels, respectively.

Source: USDA, Economic Research Service calculations based on 2011-2018 National Health and Nutrition Examination Surveys
(NHANES) and the 2012-2018 IRl MedProfiler Survey data.

Figure 4 compares the relationship between age and BMI between the two datasets (measured in NHANES and
reported in MedProfiler). Both datasets show the expected pattern between age and BMI: an inverse U-shaped
relationship across all demographic groups, with Asian males and females having the lowest BMI across all ages.
However, measured NHANES shows that White females have BMIs lower than Hispanic and Black females for
most ages (especially under 60), but in the MedProfiler the BMIs for these groups are roughly the same.
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Figure 4
Relationship between age and mean BMI (kg/m?) for adults in NHANES (measured) and MedProfiler
(reported) by gender and demographic group

BMI (kg/m?) Female

MedProfiler (reported, unadjusted) NHANES (measured)

20 40 60 80 20 40 60 80
Age (years)
BMI (kg/m?) Male
MedProfiler (reported, unadjusted) NHANES (measured)

35 A

20
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95% CI — \White

e Black ee————— ASian
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BMI = body mass index.

95% CI = 95-percent confidence interval. This measure indicates that there is 95 percent confidence that the true population param-
eter resides in this range.

Note: Hispanic may be any race; race categories exclude those of Hispanic origin. Sample weights and projection factors are used in
all calculations.

Source: USDA, Economic Research Service calculations based on local polynomial smoothing and the 2011-2018 National Health
and Nutrition Examination Surveys (NHANES) and the 2012-18 IRl MedProfiler Survey data.

Overall, misreporting of height and weight—hence BMI—appears less prevalent in the adult sample com-
pared to the child and youth sample in the IRI MedProfiler. This is likely because projection factors in the
IRI are constructed based on matching the household heads” demographic characteristics to U.S. Census
demographic targets. The BMI distributions for White and Black male adults and White female adults in the
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MedProfiler align well with the measured BMI in NHANES in terms of median and 90th percentiles and
standard deviation (table 4 and table A.4). However, the BMI distributions for the other demographic pro-
files differ between the reported values in the MedProfiler and the measured values in NHANES, and kurto-
sis is larger for almost all demographic-gender groups as well. Finally, KS tests indicate that distributions of

BMI for all gender and demographic groups based on the MedProfiler are not the same as their counterparts
in NHANES (table 4).

Adjustments for Reducing Measurement Bias

To reduce measurement bias from reported rather than measured values in calculating BMI, the authors

first explored truncating the full adult MedProfiler sample to exclude outliers based on NHANES and IQR
cutoffs. Using the minimum and maximum measured height and weight by gender and demographic groups
in NHANES as cutoffs, 2,282 adults were excluded. Using the IQR-outlier method, retaining only height and
weight values within the IQR range, excluded 17,447 adults.

Both outlier methods reduce average BMI in the adult MedProfiler sample, and the proportion of adults cat-
egorized as obese, further exacerbating differences compared to measured NHANES values (column 3 of table
3). Compared to the unadjusted MedProfiler sample, the NHANES outlier method reduces average BMI by
less than 0.1 kg/m? and the IQR outlier method reduces average BMI by roughly 0.7 kg/m?. The relatively
larger reduction in mean BMI based on the IQR outlier method compared to the NHANES outlier method
resulted in a larger reduction of adults classified as obese.

The IQR outlier method also results in relatively larger reductions in points along (i.e., median and 90t¢h per-
centile) and moments of (i.e., standard deviation, skewness, and kurtosis) the reported BMI distributions for
all demographic groups and gender profiles (tables 4 and 5; tables A.4 and A.5). These relatively large changes
move the BMI distributions away from the measured BMI distributions in NHANES. Hence, the IQR
outlier method may over-adjust some demographic-gender BMI distributions, which exacerbates differences
between BMI in NHANES and MedProfiler. The KS tests further show that the truncated reported BMI
distributions based on both outlier methods are not from the same population as the measured BMI distribu-

tions based on NHANES (table 5).
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Table 5
Mean, percentiles, and tests of distributions of reported adult BMI (kg/m?2) in MedProfiler by gender, demographic group, and adjustment method

Mean 50th percentile 90th percentile KS test (D-statistic)
Outlier methods Predicted Outlier methods Predicted Outlier methods Predicted Outlier methods Predicted
percentile percentile percentile percentile
NHANES IQR rank method NHANES IQR rank method NHANES IQR rank method NHANES IQR rank method

Male
Hispanic 28.90 28.30 291 27.89 27.60 28.18 36.91 35.43 36.51 0.18%** 0.19%** 0.02
White 29.01 28.33 29.74 27.97 27.70 2918 36.95 35.42 36.51 0.28*** 0.30%*** 0.02
Black 29.40 28.71 29.03 28.20 27.99 2774 38.02 36.58 3770 0.14%** 0.15%** 0.02
Asian 26.35 25.91 25.69 25.69 25.46 2517 32.27 31.32 30.44 0.17%* 0.18%** 0.03
Other 28.64 27.83 29.88 27.47 27.26 28.62 36.61 34.45 39.60 0.23%** 0.24%** 0.04
Female
Hispanic 28.72 28.08 29.03 27.29 26.78 2761 39.05 3776 39.26 0.15%** 0.16%** 0.02
White 28.56 27.98 30.36 27.25 26.63 29.22 38.40 37.03 39.67 0.28*** 0.29*** 0.02
Black 30.79 30.09 32.30 29.17 28.97 31.21 41.96 40.23 43.29 0.20%** 0.22%** 0.02
Asian 2418 23.59 24.67 2317 23.02 23.65 30.66 29.26 30.96 0.18%*** @z 0.05%**
Other 29.52 28.53 30.21 27.46 27.27 29.75 40.80 38.27 4112 0.18%** 0.20%** 0.05

BMI = body mass index.

Note: Hispanic may be any race; race categories exclude those of Hispanic origin. Sample weights and projection factors are used in all calculations. The NHANES-outlier method excludes height
and weight values that fall below or above the minimum and maximum height and weight for adults reported in NHANES. The IQR-outlier method excludes height and weight values that fall below
or above the interquartile range (IQR). The predicted percentile rank method uses predictions of BMI based on a linear regression of measured BMI on percentile rankings of self-reported BMI in
NHANES. The Kolmogorov-Smirnov (KS) test compares the distribution of adjusted BMls to the distribution of measured BMIs in NHANES. Asterisk (*), double asterisk (**), and triple asterisk (***)
indicate that the D-statistic is significant at the 10-, 5-, and 1-percent levels, respectively.

Source: USDA, Economic Research Service calculations based on 2011-2018 National Health and Nutrition Examination Surveys (NHANES) and the 2012-2018 IRI MedProfiler Survey.
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Unlike the outlier methods, the distributions of predicted BMI using the percentile-ranking method are
similar to the distributions of measured BMI from NHANES across demographic and gender profiles (table
5). (For percentile-rank regression coefficients, see table A.6). The average predicted BMI using the percentile
rank method (29.3 kg/m?) is not statistically different from its measured counterpart in NHANES (29.2 kg/
m?) (table 3). Similarly, the distribution of adults categorized as normal weight, overweight, and obese using
measured NHANES BMI compared to distributions using predicted percentile rank BMI are not statistically
different (table 3).!® With the exception of White male and female adults, the average and median predicted
BMI for the different demographic-gender groups are closer in magnitude to their measured counterparts
compared to the unadjusted and outlier-adjusted MedProfiler samples (tables 4 and 5).

Like the NHANES-outlier method, the standard deviation, skewness, and kurtosis for predicted BMI based
on the MedProfiler are in line with measured BMI upper moments from NHANES (tables A.4 and A.5).
However, unlike both outlier methods, the KS tests indicate that the distribution of predicted BMI in the
MedProfiler based on the percentile-ranking regression for almost all gender and demographic groups is the
same as the distribution of measured BMI in NHANES (table 5). The one exception is Asian women; howev-
er, even for this group, the predicted percentile rank method still aligns best along all points (median and 90th
percentile) and moments of the distribution with the measured BMI distributions from NHANES.

To better understand the impact of the percentile-ranking adjustments, the authors compared the relationship
between age and BMI based on measured BMI from NHANES and predicted BMI using reported values from
the MedProfiler (figure 5). Overall, the relationships observed in NHANES are maintained using the percen-
tile-ranking predictions. For example, in NHANES, female BMI increased with age until approximately age 60
and then decreased for most demographic groups, with Asian females having the lowest average BMI and Black
females having the highest. Although BMI in the unadjusted MedProfiler sample maintained some of these re-
lationships, the predicted BMI more closely mimics the measured age-BMI relationships based on NHANES.

18 The one exception is the share of adults categorized as underweight (1.1 percent), which is significantly lower than the share using

measured NHANES BMI (1.5 percent).
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Figure 5

Relationship between age and BMI (kg/m?) for adults in NHANES (measured) and predicted
MedProfiler (reported) by gender and demographic group
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NHANES (measured)

35 +

20 40 60 80 20 40 60 80
Age (years)
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BMI = body mass index.

95% CI = 95-percent confidence interval. This measure indicates that there is 95 percent confidence that the true population param-

eter resides in this range.

Note: Sample weights and projection factors used in all calculations. The BMI reported in MedProfiler is adjusted using predictions
from the linear regression of measured BMI (NHANES) on percentile rankings of self-reported BMI (NHANES).

Source: USDA, Economic Research Service calculations based on local polynomial smoothing and the 2011-2018 National Health
and Nutrition Examination Surveys (NHANES) and the 2012-2018 IRI MedProfiler Survey data.
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Opverall, BMI adjustments for the MedProfiler using percentile rankings of self-reported BMI in NHANES to
predict measured BMI work well in practice. This is the only method for which the KS tests indicate that the
distributions of predicted BMI are, in general, the same as the distributions of measured BMI in NHANES.
While the outlier methods are simpler, the IQR-outlier method may overadjust the IRl MedProfiler sample,
exacerbating differences along points in self-reported and measured BMI distributions. However, in some situ-
ations adjusting the sample by excluding outliers may be the only method available, as is the case for children.

Defining Household Obesity Status

A central challenge to studying the relationship between diet and obesity is that grocery purchases are often
made at the household level and body mass is measured at the individual level. Thus, the question arises as to
how to define obesity at the household level. Studies have answered this question in several ways (Doak et al.,
2002; Staudigel, 2012; Chen et al., 2016; Jo, 2017; Volpe et al., 2019), and there is no clear consensus. To
better understand the implications of different definitions on the share of households classified as obese, the
researchers drew from existing literature and conducted a simple comparison. Using the percentile-ranking
adjustment method for adults and no adjustments for children and youths, they compared household obesity
for the MedProfiler sample using four distinct definitions: (1) the primary shopper is classified as obese, (2)
any household member is classified as obese, (3) at least half of household members are classified as obese, and
(4) all household members are classified as obese.

Given special interest in households with children and childhood obesity, the researchers considered two ad-
ditional definitions for the subset of households with children: (1) any child or youth in the household is clas-
sified as obese, and (2) at least one adult and one child or youth in the household is classified as obese. Table 6
shows the share of all households classified as obese by household size and by race and ethnicity, as well as the
share of all households with children or youths by race and ethnicity.

22
Assessment and Adjustment of Body Weight Measures in Scanner Data, TB-1960
USDA, Economic Research Service



Table 6
Share of households classified as obese by household obesity definition, household size, and race
and ethnicity (percent)

) @) (3) (4)
. 50 percent 100 percent
Primary shopper Any member of members of members
All households
(n = 165,535) 41.59 55.96 4716 22.76
Household size
1 42.02 42.02 42.02 42.02
2 39.53 55.77 55.77 19.43
3 42.36 66.12 3144 8.59
4 38.43 66.84 34.26 3.49
5 39.53 71.52 21.05 1.98
6 47.80 75.69 25.80 1.23
7 41.89 74.58 17.95 017
8+ 46.77 83.57 24.24 0.33
Race and ethnicity
Hispanic 47.35 67.21 4517 16.79
White 38.47 53.84 41,92 20.78
Black 56.48 67.66 54.42 30.93
Asian 13.30 27.28 13.51 3.20
Other race or ethnicity 47.62 64.09 49.90 25.77
) @) (3) 4
. . At least one adult 100 percent
Pl s oo Ayl and one child of members
All households with children
or youths 40.69 26.63 18.76 513
(n = 30,314)
Race and ethnicity
Hispanic 48.63 3219 23.39 4.64
White 36.52 27.69 18.46 4.29
Black 58.27 36.55 28.64 8.96
Asian 14.93 21.46 7.61 0.92
Other race or ethnicity 47.35 32.36 24,53 6.03

Note: Hispanic may be any race; race categories exclude those of Hispanic origin. Race and ethnicity of the household is based on the
race and ethnicity of the primary shopper. Sample weights and projection factors are used in all calculations. BMIs for adult house-
hold members (age 20 and older) were adjusted using predicted-percentile-ranking method and with no adjustments for children and
youths (aged 2 to 19). Household size is calculated based on the full household before dropping NHANES outliers. For adults, a BMI of
30.0 and above is classified as obese. For children and youths, body weight classification is based on age and gender (see Centers for
Disease Control and Prevention, National Center for Health Statistics, 2021).

Source: USDA, Economic Research Service calculations based on 2011-2018 National Health and Nutrition Examination Surveys
(NHANES) and the 2012-2018 IRI MedProfiler Survey.

The proportion of households classified as obese differs substantially across definitions and household char-
acteristics. Across all households, household obesity defined using the primary shopper, any member of the
household, or at least half of household members, results in household obesity rates ranging between 42 and 56
percent. In contrast, by using the most conservative definition and defining household obesity using all mem-
bers of the household, the percent of households classified as obese is 23 percent, reduced by more than half.

Definitions of household obesity are sensitive to household size. For single-person households, obesity rates
are 42 percent across all definitions. However, as the number of household members increases, variation in
household obesity rates also increases. In particular, household obesity rates increase with household size when
defining household obesity by any household member. Conversely, household obesity rates decrease as house-
hold size increases when defining household obesity by percentage of household members—either 50 percent
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or 100 percent. For example, for a household of three, this can lead to very large differences, with 67 percent
of households classified as obese using the threshold of any member compared to 31 percent using the 50
percent threshold. When considering the obesity status of the primary shopper only, there is no clear associa-
tion with household size.

Household obesity rates also vary by definition when considering the race and ethnicity of the household,
defined here as the race and ethnicity of the primary shopper. Using the primary shopper definition, ap-
proximately 38 to 56 percent of households across all race and ethnicity groups are classified as obese, except
for Asian households (13 percent). The pattern is similar when defining household obesity by half of all
household members, where 42 to 54 percent of all households are classified as obese and the percent of Asian
households classified as obese is 14 percent. Defining household obesity by any household member results
in approximately two-thirds of Hispanic, Black, and other racial and ethnic households classified as obese;
this pattern does not hold for White and Asian households, 54 and 27 percent, respectively. Finally, defining
household obesity by all household members results in a larger share (31 percent) of Black households clas-
sified as obese compared to other racial and ethnic households (26 percent), White households (21 percent),
Hispanic households (17 percent), and Asian households (3 percent).

For households with children and youths, defining household obesity by the primary shopper results in the
most households classified as obese across all racial and ethnic groups, except Asian households. Based on this
definition, 41 percent of households with children and youths are classified as obese, whereas the other defini-
tions result in markedly lower household obesity rates: 27 percent based on “any child,” 19 percent based on
“at least one child and one adult,” and only 5 percent based on “all household members.” By race and ethnici-
ty, households follow a similar pattern for all household obesity definitions: Black households have the highest
household obesity rates, followed by Hispanic and other racial and ethnic households.

Overall, household obesity rates in the full sample and the subset of households with children vary substan-
tially across definitions. Data availability, research aims, and the implications of the chosen definition are
important considerations when defining household obesity status. Alternatively, defining household obesity by
the obesity status of any member increases the percentage of households classified as obese across all house-
hold sizes and all racial and ethnic groups. When focusing on households with children, the ordinal ranking
of obesity rates across race and ethnicity is similar across all definitions, but the percentage classified as obese
is much larger when defining household obesity by the primary shopper compared to other definitions that
include children. Ideally, researchers may consider using multiple definitions to identify bias introduced into
an analysis coming from a specific approach to defining household obesity.

Conclusion

The MedProfiler survey contains health information for individuals who participate in the IRT Consumer Net-
work household panel, allowing researchers to link household food purchases to self-reported height and weight
of household members. These data offer a promising tool to study links between food purchases and health
outcomes. Before this study, little information was available about the quality of the MedProfiler self-reported
data. This analysis compares BMI from self-reported height and weight in the MedProfiler data to their measured
counterparts in NHANES to assess the value of MedProfiler data for food and health policy research.

Compared to measured BMI in NHANES, self-reported BMI based on the MedProfiler differs importantly
across gender, racial and ethnic groups, and age. For some moments and points along the self-reported BMI
distributions in the MedProfiler, some racial-ethnic and gender groups are consistent with measured BMI. For
example, mean BMI, standard deviations, and 90th percentiles for White and Black male adults and White

24
Assessment and Adjustment of Body Weight Measures in Scanner Data, TB-1960
USDA, Economic Research Service



female adults in the MedProfiler align with their measured counterparts in NHANES. However, other racial
and ethnic adult groups, as well as children and youth, show larger differences in lower moments and percen-
tiles, and all subpopulations differ markedly at the upper moments of their BMI distribution.

The researchers explored several methods for adjusting BMI distributions to reduce measurement bias associ-
ated with self-reported data. For adults, predictions of measured BMI in the MedProfiler based on measured
and self-reported percentile rankings in NHANES performed well. This percentile-ranking regression method
developed by Courtemanche et al. (2015) is compatible with differential error as long as both samples are
representative of the same population. KS tests indicate that the distribution of predicted BMI in the MedPro-
filer based on the percentile ranking regression for almost all gender and demographic groups and moments
(standard deviation, skewness, and kurtosis) is the same as the distribution of measured BMI in NHANES.
Although the KS test indicates that BMI for Asian females is an exception, moments of and movements
along the predicted BMI distribution for Asian females are more consistent with measured BMI compared

to unadjusted reported BMI. Because this method maintains the full sample and adjusts reported BMI in the
MedProfiler to best align with measured BMI in NHANES, the authors recommend using the method when
a validation dataset with both measured and reported values is available for the same population.

Other adjustment methods applied to the MedProfiler sample removed individuals with BMI outside of
cutoffs based on the IQR of self-reported BMI values or minimum- and maximum-measured BMI values in
NHANES. While these outlier methods are simpler, using an IQR-outlier method may overadjust the Med-
Profiler sample, exacerbating differences between self-reported and measured BMI distributions. However, in
some instances, adjusting the sample by excluding outliers may be the only method available. This is the case
for children and youth, but evidence from this study suggests neither outlier method is superior for correct-
ing bias. Other methods could be employed to adjust BMI based on self-reported height and weight, such as
imputing outlier values rather than excluding them. Future analysis warrants examining whether alternative
imputation methods like top- and bottom-coding, hot-deck or cold-deck imputing, or mean substituting of
outlier values offer better methods of dealing with measurement issues related to self-reported values.

Finally, since scanner data include food purchases by households rather than individuals, the researchers con-
sidered methods for aggregating a household’s body weight status. By calculating the percentage of households
identified as obese using four different definitions for both the full sample of households and a subsample of
households with children, they find that choice of definition can strongly impact which households and how
many are included. The researchers urge future investigators to consider carefully which definition fits the
question at hand and the implications of the chosen definition. When feasible, more than one method should
be used and presented to ensure transparency in reporting possible biases. Further work is needed to better
understand biases in outcomes using varied household body weight definitions.

There are a few limitations to the analyses in this report. First, several years of NHANES and MedProfiler
data were stacked together to achieve a sample size large enough to examine some race/ethnicity and gender
groups. Use of multi-year samples requires an assumption that BMI did not change substantially from 2012 to
2018. This assumption may not be completely supported since evidence suggests it holds for latter years in the
study but not earlier years (Hales et al., 2017). When the researchers tested the implications of this limitation
in a sensitivity analysis for adults limited to years 2017 and 2018 (table A.7), they found qualitatively similar
results—the predicted percentile-ranking method performed better than both outlier methods. Second, this
analysis does not show how corrections for misreporting of BMI affect empirical research. For example, the
preferred method for adults, predicted BMI using the percentile-ranking regression method, increases the
proportion of the MedProfiler adult sample classified as obese by almost 5 percentage points. It remains to be
seen how this reclassification of adults from a nonobese to an obese category affects modeling results. Forth-
coming USDA, ERS research will analyze associations between unadjusted and adjusted body weight status
and purchasing behavior.
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Last, the MedProfiler projection factors are constructed to match demographic characteristics of the house-
hold’s primary shopper, which assumes that households are homogenous in terms of demographic makeup.
Although the multiracial U.S. household population is still relatively small (about 10 percent in 2020), it
more than tripled from approximately 3 percent in 2010 (Jones et al., 2021). This implies that household
composition is becoming less homogenous. Hence, researchers should be careful when interpreting results
concerning race and ethnicity and body weight status of respondents who are not primary shoppers.

While the difference between BMI and obesity estimates in NHANES compared with the MedProfiler and
across differing definitions of household obesity is substantial, the impact on economic research on con-
sumption remains to be seen. Forthcoming work focuses on food purchasing patterns by the BMI status of a
household, including subanalyses for areas of economic importance such as income level. Sensitivity analyses
using unadjusted data and differing definitions of household obesity will offer an opportunity to understand
the quantitative value of BMI adjustments in scanner data as well as decisions related to household body
weight classification.
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Appendix

Table A1
Upper moments of measured (NHANES) and reported (MedProfiler) BMI (kg/m?) for children and
youths by age and sex

Age Standard deviation Skewness Kurtosis
223 NHANES MedProfiler NHANES MedProfiler NHANES MedProfiler
(measured) (reported) (measured) (reported) (measured) (reported)

Male
2 1.5 75 1.2 3.6 72 26.4
g 21 6.1 St 5.7 18.8 59.9
4 1.8 5.0 1.8 3.6 8.2 24.8
5 21 5.7 1.6 7.6 6.5 1474
6 2.7 5.2 2.8 3.0 16.3 19.9
7 B2 4.5 1.8 2.2 79 13.8
8 3.6 4.9 1.5 1.8 6.1 10.3
9 8i6) 4.7 1.5 17 5%/ 10.9
10 4.6 4.8 1.4 1.5 5.9 71
n 4.9 1.0 1.0 28.3 41 961.4
12 47 4.9 1.2 1.2 4.3 5.7
13 5.6 4.8 1.2 1.2 4.3 5.4
14 5.4 144 1.3 4.4 5.1 1,940.1
15 6.1 5.0 1.2 3 4.6 5.7
16 5.8 5.4 17 1.5 6.6 6.7
17 6.2 585 1.5 1.4 5.6 6.2
18 Al 55 1.7 1.5 6.5 6.4
19 5.7 5.8 1.0 1.2 3.6 4.7
Female
2 1.4 7.4 0.8 819 4.8 31.8
3 1.6 6.4 3.5 7.3 32.3 103.6
4 2.0 4.7 1.3 3.3 5.4 26.5
5 21 5.2 1.6 4.2 6.1 39.0
6 St oY 1.6 2.7 6.3 14.8
7 3.3 4.6 1.4 1.8 5.4 9.0
8 3.8 58 1.8 225 8.9 14.6
9 4.2 5.0 1.3 2.9 4.8 26.7
10 4.3 4.8 11 1.7 5.2 9.1
n 51 5.9 11 3.6 4.0 30.7
12 515 4.6 1.0 IS 41 653
13 5.4 5.0 1.4 1.6 5.3 75
14 5.2 5.6 1.2 2.4 4.6 19.3
15 5.8 5.7 1.4 1.8 5.3 91
16 6.5 5.6 1.4 1.5 5.0 6.0
17 6.3 5.8 1.3 1.5 5.0 5.8
18 77 6.1 1.9 1.5 8.4 5.6
19 75 6.5 1.4 1.4 5.7 51

BMI = body mass index.

Note: MedProfiler body weight data are reported by parents for children and youths under age 18 and self-reported by youths ages
18 and 19. Sample weights and projection factors are used in all calculations.

Source: USDA, Economic Research Service calculations based on 2011-2018 National Health and Nutrition Examination Surveys
(NHANES) and the 2012-2018 IRI MedProfiler Survey.
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Table A.2

Mean, percentiles, and upper moments of BMI (kg/m?) distributions for children and youths in the MedProfiler by sex, age, and adjustment method

Percentiles Number of observations

Age Mean 50th 90th Standard deviation Skewness Kurtosis excluded

and NHANES IQR NHANES NHANES IQR NHANES NHANES NHANES NHANES

Sex outlier outlier outlier 1QR outlier outlier outlier outlier 1QR outlier outlier IQR outlier outlier IQR outlier outlier 1QR outlier

Male
2 16.9 18.8 16.6 171 20.6 26.9 2.6 5.9 0.7 1.8 4.2 6.7 391 47
8] 16.6 16.5 16.3 16.3 19.5 201 3.3 31 21 11 13.5 6.4 183 108
4 16.1 16.3 15.9 15.9 19.9 20.2 2.8 3.1 09 0.8 5.8 4.8 279 97
5) 16.0 16.3 15.8 15.9 19.3 20.8 3.0 3.5 1.5 1.3 8.6 6.8 248 90
6 16.6 16.2 15.6 15.5 21.2 20.5 3.8 3.3 19 1.2 9.0 6.0 187 149
7 16.4 16.2 15.6 15.6 20.8 20.4 3.5 3.2 1.5 0.9 75 4.6 238 218
8 17.6 17.3 16.5 16.5 23.0 22.7 4.3 3.9 14 1.0 6.2 4.5 129 75
9 18.2 17.9 174 17.2 23.4 23.2 4.3 3.9 1.3 0.8 6.4 4.0 68 64
10 19.1 18.6 18.2 179 24.7 23.6 4.6 3.9 1.5 0.9 6.5 4.4 86 99
1 19.5 19.0 18.8 18.7 24.9 24.0 4.3 3.7 11 0.7 5.0 3.9 56 137
12 20.3 20.0 19.5 19.5 26.4 25.7 4.4 4.2 1.0 0.8 4.3 3.8 149 118
13 21.2 20.7 20.2 19.9 274 26.6 4.6 4.3 12 0.8 5.0 3.6 94 88
14 217 21.3 20.6 20.4 28.3 27.4 4.7 4.2 11 0.7 4.3 3.3 110 100
15 22.4 21.7 21.5 21.2 29.0 278 49 4.1 1.3 0.7 5.4 BY5) 65 m
16 22.9 22.3 21.9 217 29.8 28.1 5.3 4.2 1.5 0.7 6.5 3.5 65 105
17 23.5 22.8 224 221 30.6 28.6 5.2 4.2 14 0.9 515 4.1 53 126
18 23.9 23.3 23.0 22.7 30.7 29.4 5.2 4.3 1.4 0.8 5.9 3.8 56 127
19 24.5 24.2 23.3 23.1 825 31.6 5.4 5.0 1.0 0.9 3.9 3.8
Female

2 16.6 18.4 16.3 16.7 19.7 25.9 24 5.5 11 1.6 5.8 6.1 368 64
3 16.5 16.6 16.2 16.3 201 20.6 2.9 31 13 11 73 5.8 225 143
4 16.2 16.2 15.9 15.9 19.5 20.4 24 82 1.0 0.9 6.0 5.4 412 110
5 16.5 16.1 15.9 15.6 217 20.7 3.8 3.5 13 11 5.7 4.9 77 110
6 16.2 16.3 15.6 15.6 19.9 20.6 3.4 3.8 1.9 1.7 10.3 81 263 89
7 16.5 16.4 15.9 15.9 21.4 20.9 3.6 3.3 1.4 0.8 6.4 41 233 171
8 17.3 171 16.3 16.3 2285 22,2 4.2 3.8 1.6 0.9 7.8 4.4 105 73
9 18.0 17.9 17.4 17.4 23.2 23.2 41 4.0 1.2 1.0 5.8 4.8 102 68
10 18.8 18.7 181 181 241 23.9 4.2 4.0 11 0.8 5.0 4.2 176 52
1 201 19.5 19.0 18.8 26.6 25.0 4.7 41 13 0.7 5.7 3.9 71 110
12 20.6 201 19.8 19.5 26.4 251 4.4 3.8 14 0.8 6.7 4.4 62 127
13 214 20.6 20.5 20.1 275 25.6 4.8 3.6 1.5 0.7 6.6 3.6 46 144
14 228 21.8 211 21.0 29.3 28.4 4.8 4.3 11 0.8 41 3.4 68 118
15 231 22.4 21.6 21.5 30.4 28.4 5.4 4.4 1.5 1.0 5.9 3.8 78 125
16 234 22.6 21.9 21.7 31.3 28.5 5.4 4.3 {55 1.0 5i5) 41 71 142
17 23.9 231 22.3 221 317 29.5 5.7 4.5 1.5 11 5.8 41 4 110
18 24.4 2315 22.7 22.3 32.6 304 6.0 4.6 [I55) 0.9 5.7 3.4 33 116
19 24.7 23.8 22.7 22.5 33.5 31.2 6.4 5.0 1.5 1.0 5.3 3.6 28 90

BMI = body mass index.

Note: MedProfiler body weight data are reported by parents for children and youths under age 18 and self-reported by youths ages 18 and 19. Sample weights and projection factors are used in all

calculations.

Source: USDA, Economic Research Service calculations based on 2011-2018 National Health and Nutrition Examination Surveys (NHANES) and the 2012-2018 IRl MedProfiler Survey.
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Table A.3
Obesity prevalence for children and youth by age and sex (percent)

Unadjusted Adjusted MedProfiler (reported)
Age and sex NHANES (measured) MedProfiler

(reported) NHANES outlier 1QR outlier
Male
2 6.0 35.9 20.2 34.5
3 8.5 28.8 22.6 24.5
4 13.8 26.1 18.4 225
5 819 22.2 21.3 18.3
6 171 19.2 13.9 15.2
7 17.2 17.9 13.0 1.6
8 17.0 18.0 14.6 13.9
e 18.6 15.8 13.0 13.1
10 18.4 14.6 12.9 121
n 18.5 1519 15.3 MHs
12 26.4 12.4 1.4 8.0
13 198 121 10.8 6.0
14 20.6 14.7 14.0 1.5
15 19.0 14.5 13.6 €l
16 24.0 17.6 16.8 12.2
17 27.3 17.4 16.5 12.5
18 21.6 18.3 17.5 12.8
19 24.5 18.2 17.4 13.1
Female
2 8.2 8515 21.9 35.0
3 121 31.6 26.5 275
4 13.2 29.6 22.8 26.8
5 12.9 26.2 17.6 225
6 14.2 24.0 211 18.6
7 17.9 21.4 15.3 13.8
8 18.8 22.8 19.4 18.3
9 18.6 19.3 18.2 16.8
10 21.6 16.9 16.5 1815
n 27.2 151 14.2 11
12 18.9 16.6 1553 14.0
13 247 15.7 16.0 14.0
14 22.6 16.0 16.1 13.6
15 221 15.2 15.2 1.6
16 19.0 15.2 14.5 10.9
17 19.2 14.5 14.2 10.0
18 20.8 13.9 13.4 10.0
19 19.5 16.3 15.0 13.0

Note: MedProfiler body weight data are reported by parents for children and youths under age 18 and self-reported by youths ages
18 and 19. Sample weights and projection factors are used in all calculations. The NHANES-outlier method excludes height and
weight values that fall below or above the minimum and maximum height and weight for children and youth by age and gender re-
ported in NHANES. The IQR-outlier method excludes height and weight values that fall below or above the interquartile range (IQR)
for children by age and gender.

Source: USDA, Economic Research Service calculations based on 2011-2018 National Health and Nutrition Examination Surveys
(NHANES) and the 2012-2018 IRl MedProfiler Survey data.
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Table A.4
Upper moments of measured (NHANES) and reported (MedProfiler) adult BMI (kg/m?) distributions
by demographic group

Standard deviation Skewness Kurtosis
NHANES MedProfiler NHANES MedProfiler NHANES MedProfiler
(measured) (reported) (measured) (reported) (measured) (reported)
Male
Hispanic 5.7 6.3 1.0 1.3 5.2 6.7
White 6.1 6.3 15 14 10.0 8.0
Black 71 7.0 1.3 1.8 6.9 14.1
Asian 4.3 4.9 11 1.5 51 8.5
Other race or 7.2 6.5 13 15 6.6 91
ethnicity
Female
Hispanic 7.3 77 0.9 1.4 4.0 6.1
White Ii5) wy 11 19 4.7 1n.2
Black 8.6 8.3 1.0 1.2 4.9 5.1
Asian 4.8 553 1.2 1.3 5.0 6.2
Other race or 8.3 8.5 14 14 6.8 59
ethnicity

BMI = body mass index.

Note: Hispanic may be any race; race categories exclude those of Hispanic origin. Sample weights and projection factors are used in
all calculations.

Source: USDA, Economic Research Service calculations based on 2011-2018 National Health and Nutrition Examination Surveys
(NHANES) and the 2012-2018 IRl MedProfiler Survey data.

Table A.5
Upper moments of the reported adult BMI (kg/m?2) distributions in the MedProfiler, by gender, race
and ethnicity, and adjustment method

Standard deviation Skewness Kurtosis
Outlier methods Perceptile Outlier methods Perceptile Outlier methods Perce_ntile
ranking ranking ranking

NHANES IQR rergzﬁi'g" NHANES IQR ’en%;‘:f‘z'g" NHANES IQR 'ergre?(ﬁz'g”
Male
Hispanic 6.1 51 5.3 1.2 0.6 11 5.5 3.4 47
White 6.1 5.2 5.9 1.2 0.6 0.9 5.6 3.4 4.6
Black 6.8 5.7 6.7 1.4 0.6 1.3 6.8 3.4 5.5
Asian 4.7 4 4 1.2 0.7 1.2 5.5 &/ 6.7
Other 6.3 5.1 6.9 1.3 0.5 11 5.9 3.4 5.5
Female
Hispanic 7.3 6.4 6.9 1.2 0.8 11 51 3.3 4.7
White 7.6 6.6 7.3 11 0.7 0.8 4.3 3.2 3.7
Black 81 7 8.2 11 0.7 0.9 4.7 3.2 4.4
Asian 51 41 4.5 1.5 0.7 11 6.5 3.5 4.4
Other 8.3 6.9 7.8 1.4 0.8 11 5.6 3.2 4.8

BMI = body mass index.

Note: Hispanic may be any race; race categories exclude those of Hispanic origin. Sample weights and projection factors are used in
all calculations. The NHANES-outlier method excludes height and weight values that fall below or above the minimum and maximum
height and weight for adults reported in NHANES. The IQR-outlier method excludes height and weight values that fall below or above
the interquartile range (IQR). The predicted percentile rank method uses predictions of BMI based on a linear regression of measured
BMI on percentile rankings of self-reported BMI in NHANES.

Source: USDA, Economic Research Service calculations based on 2011-2018 National Health and Nutrition Examination Surveys
(NHANES) and the 2012-2018 IRl MedProfiler Survey data.
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Table A.6

Regression coefficients from percentile ranking regression adjustment

Other race/

Other race/

. White White Hispanic Hispanic Black Black Asian Asian o oy
Variable ethnicity ethnicity
males females males females males females males females
males females
Age -0.03 -0.01 -0.03 -0.04 -0.03 -0.06 -0.03 0.01 -0.07 0.01
(0.01) (0.01) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.03) (0.05)
Age? 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
B-spline on self-reported 14.31 11.58 0.3(3) 5.34 10.71 14.69 8.78 20.60 (14.84) (1.32)
BMI [-.15, .05) (3.66) (3.85) (7.25) (719) (6.98) (7.73) (6.83) (6.16) (14.63) (21.64)
B-spline on self-reported 18.83 17.85 21.36 20.04 20.08 19.87 19.20 15.79 20.54 19.51
BMI [-01, 0.1) (0.58) (0.62) (114) (115) (1.08) (1.23) (1.07) (0.99) (2.25) (3.08)
B-spline on self-reported 22.63 20.20 22.89 21.51 20.85 22.38 20.98 19.61 22.10 19.69
BMI [-.05, 0.25) (0.28) (0.29) (0.54) (0.53) (0.51) (0.58) (0.52) (0.49) (0.96) (1.50)
B-spline on self-reported 23.36 21.96 25.30 23.65 22.90 25.44 22.40 19.65 25.88 21.93
BMI [0, 0.5) (0.26) (0.27) (0.49) (0.49) (0.44) (0.53) (0.46) (0.43) (1.00) (1.23)
B-spline on self-reported 26.35 23.89 27.71 27.09 25.54 28.87 2419 21.30 26.19 23.78
BMI [.05, 0.75) (0.26) (0.27) (0.50) (0.49) (0.47) (0.54) (0.46) (0.44) (0.96) (1.30)
B-spline on self-reported 28.42 2745 29.79 29.29 2782 3243 25.47 2310 29.59 30.52
BMI [0.1, 0.9) (0.27) (0.27) (0.51) (0.50) (0.47) (0.53) (0.48) (0.45) (0.97) (1.34)
B-spline on self-reported 31.89 31.56 32.51 3419 32.38 37.20 28.34 26.08 34.38 31.00
BMI [0.25, 0.95) (0.26) (0.27) (0.50) (0.50) (0.47) (0.55) (0.48) (0.45) (0.96) (1.28)
B-spline on self-reported 35.30 36.10 34.88 3793 35.80 41.09 29.31 29.10 36.62 3707
BMI [0.5, 1) (0.26) (0.27) (0.50) (0.49) (0.47) (0.53) (0.47) (0.44) (0.93) (1.38)
B-spline on self-reported 39.43 43.28 40.23 43.34 41,50 49,50 33.28 32.65 46.25 45,32
BMI [0.75, 1.05) (0.29) (0.30) (0.57) (0.55) (0.53) (0.61) (0.53) (0.51) (112) (1.40)
B-spline on self-reported 4811 45,59 43.52 48.90 4572 5117 32.58 34.85 38.19 46.78
BMI [0.9, 11) (0.58) (0.61) (112) (113) (1.08) (1.24) (1.04) (0.95) (1.99) (313)
B-spline on self-reported 9516 144.64 103.93 104.04 149.67 161.71 124.58 92.61 199.55 157.41
BMI [0.95, 1.15) (3.55) (3.73) (6.93) (6.90) (6.59) (7.45) (6.35) (5.81) (11.79) (1718)
Observations 3,842 3,833 2,207 2,391 2,302 2,432 1,303 1,358 400 341
R-squared 0.997 0.997 0.995 0.994 0.995 0.994 0.996 0.996 0.997 0.995

BMI = body mass index.

Note: Hispanic may be any race; race categories exclude those of Hispanic origin. Regression results of measured BMI age polynomials, and cubic basis splines (b-splines) of the percentile ranks of

self-reported BMI in the validation data set (NHANES) for each race/ethnicity and sex group. Sample weights are used in all calculations. Standard errors in parentheses.

Source: USDA, Economic Research Service calculations based on 2011-2018 National Health and Nutrition Examination Surveys (NHANES).
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Table A.7

Mean, percentiles, and tests of distributions of reported adult BMI (kg/m?) in MedProfiler by gender, demographic group, and adjustment method,

2017-18 only
Mean 50th percentile 90th percentile KS test (D-statistic)
Outlier methods Predicted Outlier methods Predicted Outlier methods Predicted Outlier methods Predicted
percentile rank percentile rank percentile rank percentile rank

NHANES IQR method NHANES IQR method NHANES IQR method NHANES IQR method
Male
Hispanic 29.26 28.51 29.94 28.12 27.80 29.26 3792 35.86 3714 0.35%*** 0.37*** 0.03
White 26.41 26.04 25.74 25.74 25.67 25.23 32.27 31.56 30.45 0.22%** 028 0.02
Black 29.49 28.74 29.12 28.28 281 27.79 38.35 36.60 37.94 0,173 0.18%*** 0.03
Asian 28.92 28.34 291 27.89 27.70 28.23 36.91 35.56 36.49 0.26*** 0.27%** 0.03
Other 28.66 27.68 29.9 27.36 2712 28.32 37.29 35.26 40.29 0.29%** 0.371%** 0.06
Female
Hispanic 28.53 28.04 30.23 27.39 27.26 29.37 37.78 36.94 38.89 0.28*** 0.29%* 0.04*
White 24.36 24.00 24.87 23.43 23.38 24.04 30.54 29195, 30.89 0.16*** 0,173+ 0.02
Black 31.09 30.23 32.62 29.53 2917 31.63 42.90 40.34 44,24 0.18%** 0.20%** 0.03
Asian 28.70 28.10 29.01 27.33 26.92 27.64 38.96 3758 39.13 0.23*** 0.25%** 0.03**
Other 29.17 28.45 29.78 2740 26.95 29.42 39.54 38.08 39.49 0.37%** 0.32%** 0.07%**

BMI = body mass index.

Note: Hispanic may be any race; race categories exclude those of Hispanic origin. Sample weights and projection factors are used in all calculations. The NHANES-outlier method excludes height

and weight values that fall below or above the minimum and maximum height and weight for adults reported in NHANES. The IQR-ou

r method excludes height and weight values that fall below

or above the interquartile range (IQR). The predicted percentile rank method uses predictions of BMI based on a linear regression of measured BMI on percentile rankings of self-reported BMI in
NHANES. The Kolmogorov-Smirnov (KS) test compares the distribution of adjusted BMls to the distribution of measured BMIs in NHANES. Asterisk (*), double asterisk (**), and triple asterisk (***)
indicate that the D-statistic is significant at the 10-, 5-, and 1-percent levels, respectively.

Source: USDA, Economic Research Service calculations based on 2017-2018 National Health and Nutrition Examination Surveys (NHANES) and the 2017 and 2018 IRl MedProfiler Surveys.

34

Assessment and Adjustment of Body Weight Measures in Scanner Data, TB-1960

USDA, Economic Research Service



	Summary
	Introduction
	Data Description
	Methods
	Assessment of Reporting Error in BMI (kg/m2) in Household Scanner Data
	Adjustments for Reducing Measurement Bias

	Results for Children and Youths
	Validation of BMI in Household Scanner Data
	Adjustments for Reducing Measurement Bias

	Results for Adults
	Validation of BMI in Household Scanner Data
	Adjustments for Reducing Measurement Bias

	Defining Household Obesity Status
	Conclusion 
	References
	Appendix



