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Abstract

Objective: Examine the validity of the 1971-2010 USDA’s loss-adjusted food availability

(LAFA) per capita caloric consumption estimates.

Design: Estimated total daily energy expenditure (TEE) was calculated for nationally
representative samples of US adults, 20 to 74 years using the Institute of Medicine’s equations
with ‘low-active’ (TEE L-ACT) and ‘sedentary’ (TEE SED) physical activity values. TEE
estimates were subtracted from LAFA estimates to create disparity values (kilocalories per day;
kcal/d). A validated mathematical model was applied to calculate expected weight change in

reference individuals resulting from the disparity.

Results: From 1971-2010, the disparity between LAFA and TEE L-ACT varied 394 kcal/d (p <
0.001), from -205 kcal/d (95% CI: -214, -196) to +189 kcal/d (95% CI: 168, 209). The disparity
between LAFA and TEE SED varied 412 kcal/d (p < 0.001), from -84 kcal/d (95% ClI: -93, -76)
to +328 kcal/d (95% CI: 309, 348). Our model suggests if LAFA estimates were actually
consumed, reference individuals would have lost ~1-4kg/year from 1971-1980 (an accumulated
loss of ~12 to ~36kg), and gained ~3-7kg/year from 1988-2010 (an accumulated gain of ~42 to
~98kg). These estimates differed from actual measured increments of 10kg and 9kg in reference

men and women, respectively over the 39-year period.

Conclusion: The USDA LAFA data provided inconsistent, divergent estimates of per capita
caloric consumption over its 39-year history. The large, variable misestimation suggests the
USDA LAFA per capita caloric intake estimates lack validity and should not be used to inform

public policy.
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Introduction

The prevalence of obesity has increased markedly during the latter decades of the 20"
century in virtually every population where comprehensive data are available,(1-3) yet despite
the economic and public health significance, there is little agreement on presumptive etiologic
factors.(3-7) While numerous issues may underlie the lack of consensus,(8, 9) conceptual and
methodological limitations to the measurement of caloric consumption appear to play a central
role.(10-13) Without accurate assessments of population-level trends in energy intake, there are
no valid data to support inferences regarding the role of food and beverage consumption in the
etiology of the obesity epidemic and trends in energy-contingent, chronic non-communicable

diseases (e.g., cardiovascular diseases and type 2 diabetes mellitus, T2DM).

Nutritional Surveillance

Nutritional surveillance is the systematic collection and analysis of dietary and/or
economic data with the objective of describing current population behaviors (e.g., estimating
caloric intakes), detecting trends in consumption, and highlighting priorities and potential
corrective measures.(14) National nutritional surveillance in the U.S. consists of two main
components: the National Health and Nutrition Examination Survey (NHANES) caloric intake
data, and the United States Department of Agriculture (USDA) loss-adjusted food availability
(LAFA) data series. Recently, we reported that the majority of the NHANES caloric intake data
were physiologically implausible and not compatible with life.(10-12) We concluded that these
data are pseudoscientific and therefore inadmissible in scientific research and the formation of

public policy.(11, 12) That conclusion was supported by an extensive body of literature



demonstrating that epidemiologic nutrition surveys suffer from severe, insurmountable
systematic biases,(10-12, 15-23) inclusive of false memories,(11, 12, 24) and that estimates of

energy intake are often incompatible with life (i.e., survival). (25)

The second main component of U.S. nutritional surveillance is the USDA LAFA data
series. The USDA states these data “...contribute to the Federal dietary guidance system...[and]
are of interest to agricultural policymakers, economists, nutrition researchers, and nutrition and
public health educators” to “examine historical trends and to evaluate changes in the American
diet”’(26, 27) and “provide an indication of whether Americans, on average, are consuming more

or less of various foods over time.”(28)

In addition to monitoring general trends in food and beverage consumption, the USDA
provides per capita energy intake values from the LAFA data series (28, 29) that are explicitly
used by researchers to examine relationships between “energy intake,” “food energy supply,” and
weight gain and obesity, (30-34) as well as specific commodities and nutrients (e.g., sugar, oils,
fat).(34-37) The USDA’s “Obesity”” webpages address the use of these data for examinations of
obesity and “the intended and unintended consequences of obesity policies.”(38) In 2010, the US
Secretary of Agriculture, Thomas Vilsack stated, “At a time when the alarm has been clearly
sounded on the epidemic of obesity in America, particularly among our children, the ability to
track dietary trends is a crucial element of efforts to combat obesity and prevent its adverse
health outcomes...[and] [t]he only source of long-term food consumption in the country is our

Food Availability Data System."(39)

Given the extensive use of these data as a proxy for actual consumption in both nutrition

research(31) and public health policy,(26, 38-41), examinations of the validity of per capita



caloric consumption estimates of the LAFA data series are therefore essential if food and
nutrition guidelines are to be empirically supported. Research dating from the 1960s suggests
that food supply data lack validity (42) and consistently “overestimate consumption.”(34) The
substantial misestimation of food waste and loss (43-46) has led to a general consensus that these
data are not congruent with actual consumption.(43) Additionally, multiple lines of research
suggest substantial changes in PA, PA-related cardiorespiratory fitness, and physical activity
energy expenditure (PAEE) over the past five decades,(4, 47-54). These trends suggest large
corresponding changes in total daily energy expenditure (TEE) and nutrient-energy
partitioning(4) that necessitate an examination of the assumption of the overestimation of caloric
consumption as well as quantification of misestimation over time. Therefore, the objective of this
study was to critically examine both the assumption that the USDA LAFA data series
consistently overestimates actual consumption and the validity of this surveillance tool to

estimate trends in caloric consumption from 1971-2010.

Method

Population Anthropometric and Demographic Data

Data for the estimation of total daily energy expenditure (TEE) were obtained from the
National Health and Nutrition Examination Surveys (NHANES) for the years 1971-2010 (nine
survey waves) (55). The NHANES is a complex, multi-stage sampling of the civilian, non-
institutionalized U.S. population conducted by the Centers for Disease Control and Prevention.

The National Center for Health Statistics ethics review board approved protocols and written



informed consent was obtained from all NHANES participants. The study sample was initially
limited to adults aged >20 and < 74 years at the time of the NHANES in which they participated,
with a body mass index (BMI) >18.5 kg/m?, and complete data on age, sex, and objectively
measured height, and weight.(55) The initial inclusion criteria for age and weight was
representative of >65% of the U.S. population, and excluded groups with lower TEE and
absolute caloric consumption (e.g., elderly, children). This sample consisted of 63,369 adults
(28,996 men and 34,373 women). Additional analyses were conducted with the full NHANES
sample of participants with complete data on age, sex, and weight. This sample consisted of

144,171 individuals (68,976 males and 75,195 females) from infancy to 90 years of age.

USDA LAFA Data

The USDA LAFA data were obtained from the Economic Research Service (ERS) food
availability data series (27), which consist of estimates of approximately 200 raw and semi-
processed agricultural commodities adjusted for loss and waste. The LAFA data series represent
the residual of the total food supply available for domestic consumption after the subtraction of
exports, farm and industrial uses, and divided by the resident population of consumers.(56, 57)
These economic data are not inclusive of the final food products that may or may not be
consumed.(27) These ERS data are adjusted for food spoilage, and other losses to approximate
actual intake,(27) but the USDA publishes these data and estimates with the caveat that the
documentation of food waste and losses are extremely limited.(45) In our study, the per capita
caloric consumption estimates were averaged across the years that corresponded to each of the

nine NHANES survey waves spanning 1971-2010.



Institute of Medicine Total Daily Energy Expenditure (TEE)

Equations

In 2002, the Institute of Medicine (IOM) created factorial equations using age, sex,
height, weight and physical activity (PA) to estimate TEE.(58, 59) These equations were the
result of the US Department of Health and Human Services appointing a multidisciplinary expert
panel to review “the scientific literature regarding macronutrients and energy and develop
estimates of daily intake that are compatible with good nutrition throughout the life span and
that may decrease the risk of chronic disease...the panel sought to quantify rates and
components of daily energy expenditure in healthy adults... [t]he recommendation for adults
became the daily energy intake necessary to cover total daily energy expenditure (TEE).”(59)
While these equations provide the most accurate estimates of TEE available, the limitations

associated with their use are discussed in Brooks et al., (2004).(59)

These equations (see below) allow the estimation of TEE across multiple PA levels (PAL
= TEE/BMR [basal metabolic rate]) via the inclusion of values indicative of sedentary (SED;
PAL > 1.0 < 1.4), low-active (L-ACT; PAL > 1.4 < 1.6), active (PAL > 1.6 < 1.9), and very
active (PAL > 1.9 < 2.5) lifestyles. Because the average PA of the vast majority of the US

population varies from SED to L-ACT,(60) only these two categories were used in our analyses.
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Institute of Medicine Equations for Estimating Total Daily Energy Expenditure (TEE)

Normal Weight* Adults only:

Equation (1) Men: TEE = 864 — (9.72 x age [y]) + PA** x (14.2 x weight [kg] + 503 x

height[m]).

Equation (2) Women: TEE = 387 — (7.31 x age [y] + PA** x (10.8 x weight [kg] + 660.7

x height[m]).

* Body Mass Index > 18.5 kg/m2 and <25 kg/m?; ** Multiple PA values were used: “low active”
values (L-ACT) of 1.12 and 1.14, and a “sedentary” value (SED) of 1.0, for normal weight men
and women, respectively. The use of these values assumes a PAL (i.e., TEE/BMR) of > 1.4 and

< 1.6 for L-ACT, and >1.0 and <1.4 for SED

Institute of Medicine Equations for Estimating Total Daily Energy Expenditure (TEE) in

Overweight/Obese* Adults Only:

Equation (3) Men: TEE = 1086 — (10.1 x age [y]) + PA** x (13.7 x weight [kg] + 416

x height [m]).

Equation (4) Women: TEE = 448 — (7.95 x age [y]) + PA** x (11.4 x weight [kg] +

619 x height [m]).

* Body Mass Index > 25 kg/mz; ** Multiple PA values were used: “low active” values (L-ACT)
of 1.12 and 1.14, and a “sedentary” value (SED) of 1.0, for overweight and obese men and
women, respectively. The use of these values assumes a PAL (i.e., TEE/BMR) of > 1.4 and < 1.6

for L-ACT, and >1.0 and <1.4 for SED. Note: age (y = years); weight (kg); height (m = meters);
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BMI = body mass index, (kg/m2), BMR = basal metabolic rate; IOM = Institute of Medicine;

TEE = total energy expenditure.

Disparity Values: LAFA kcal/d — TEE kcal/d

Disparity values were created by subtracting TEE for each participant (as estimated by
the IOM TEE equations) from the per capita daily caloric intake as estimated by the LAFA data
series. The LAFA data, as provided by the USDA ERS, are not stratified by sex or age. As such,
the TEE kilocalories per day (kcal/d) were subtracted from the LAFA per capita daily caloric
intake estimates, regardless of sex or age. Negative values indicated underestimation and positive
values suggested overestimation of per capita caloric consumption. As detailed below, we
conducted additional analyses with the entire NHANES sample (i.e., all ages and sub-categories)
for each survey wave to examine disparity values. Children and adolescents have estimated
energy requirements (EER) above TEE due to growth and development. As such, disparity
values for individuals <18 years were derived from the equation LAFA kcal/d — EER kcal/d,

with estimates of EER derived using validated age-specific predictive equations.(58)

There is evidence that population-level PA has decreased over the study period.(47-49)
There is also very strong evidence that cardiorespiratory fitness (i.e., an objective measure of the
confluence of inherited capabilities and recent patterns of PA) in children has declined
precipitously across the globe over the past three decades.(51-54) As such, a sensitivity analysis
was conducted where disparity values were calculated using the TEE L-ACT for the period of
1971-1980 and the TEE SED value for subsequent years. These analyses are supported by

evidence that the largest declines in PA in the US population may have occurred prior to the
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1980s.(47, 48) As such, these values may provide lower and upper bounds on the disparity

between TEE and the LAFA.

The a priori assumption of our ‘disparity method’ is that if the LAFA data series are a
valid proxy for per capita caloric consumption and that the kcal/d estimates will reliably
approximate TEE. This assumption is valid because over the course of a year most individuals
(inclusive of those gaining weight) are approximately in energy balance on a daily basis (i.e.,
energy expenditure = energy intake).(61, 62) Therefore, misestimation between LAFA and TEE
indicates limitations to the validity and reliability of the LAFA data series to estimate per capita

daily caloric consumption.

Modeling of Alterations in Weight via IOM TEE and USDA LAFA

A validated, dynamical mathematical model of human energy expenditure and weight
change was used to quantify yearly alterations in body weight of hypothetical reference men and
women for each of the nine NHANES survey waves based on the disparity between the TEE
(SED and L-ACT) and the LAFA estimates. (63, 64) The hypothetical reference individuals were
35 year old men and women, with mean heights and weights from nationally representative data
for each of the survey waves.(65, 66) This reference age was used because the 30-40 year age
group represented the largest segment of the US adult population over the study period.(67) The
dynamical model estimates the changes in weight resulting from alterations in energy intake and
energy expenditures, and accounts for weight dependent changes in energy expenditure through

specific formulations of weight dependent terms for physical activity and resting metabolic rate.
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The yearly weight changes, weight changes across all years in each survey wave, and the sum of

the absolute values of yearly changes in weight across the study period are presented.

Statistical Analyses

Data processing and statistical analyses were performed using SPSS® V.19 in 2013 and

2014. Survey-to-survey contrasts and trend analyses via linear regression were conducted for the
disparities between TEE (L-ACT and SED and EER for <19 years) and LAFA estimates.
Analyses accounted for the complex survey design of NHANES via the incorporation of
stratification, clustering and post-stratification weighting to maintain a nationally representative
sample for each survey period. All analyses included adjusted means, and an « < 0.05 (2-tailed)
was used to identify statistical significance. Additional analyses were conducted with the entire
NHANES sample (i.e., all ages and sub-categories) for each survey wave to more fully examine

disparity values.

Results

Individuals Ages 20 — 74 Years

Figure 1 depicts the trends in TEE L-ACT and TEE SED compared with trends in the
LAFA data series over the study period. LAFA increased from 2,060 kcal/d in the early 1970s to
a maximum of 2,603 kcal/d in 2003-2004 and decreased to 2,524 kcal/d in 2009-2010. The

overall increasing trends for TEE (both L-ACT and SED) from NHANES I through NHANES
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2009-2010 were significant (p <0.001), suggesting an increase in energy expenditure over time.
Because the PA level was held constant, the increments in TEE were driven by increases in body
weight (data not presented). From the 1970s to 2010, TEE L-ACT increased 157 kcal/d, from
2,265 kcal/d (95% ClI: 2,256, 2,274) to 2,422 kcal/d (95% CI: 2,406, 2,438). TEE SED increased
137 kcal/d (trend p < 0.001), ranging from a low of 2,144 kcal/d (95% CI: 2,136, 2,153) to a
high of 2,281 kcal/d (95% CI 2,266, 2,295). Survey-to-survey increments in TEE L-ACT and
TEE SED were observed from NHANES 11 to NHANES 111 and NHANES 111 to NHANES

1999-2000 (both p < 0.001).

<Insert Figure 1>

Figure 2 depicts the kcal/d disparity between LAFA and TEE (L-ACT and SED). Non-
zero kcal/d values indicate misestimation of per capita caloric consumption. The disparity
between TEE L-ACT and LAFA ranged 394 kcal/d, from -205 kcal/d to +189 kcal/d. The
disparity between TEE SED and LAFA ranged 412 kcal/d, from -84 kcal/d to +328 kcal/d. With
the exception of TEE L-ACT in 1988-94 (i.e., NHANES IIl), (p = .179, 95% CI: -4.2, +22.5), 17
of the 18 estimates (2 PA levels and 9 survey waves) were significantly different from zero (p
<0.001), indicating continuous misestimation across the 39-year study period. Differences in
disparity values were observed in five of the eight survey-to-survey transitions in both TEE L-

ACT and TEE SED.

<Insert Figure 2>

Figure 3 depicts the kcal/d disparity between LAFA and TEE, with the assumption that
population level PA decreased across the study period.(48, 49) As such, the TEE L-ACT were

used for the two early surveys (i.e., NHANES | & 1), and the TEE SED values were used from
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NHANES 111 to 2009-2010. Non-zero kcal/d values indicate misestimation of caloric

consumption.

The disparity between TEE (assuming a population shift from L-ACT to SED) varied
from -205 kcal/d in the 1970s to a maximum of +328 kcal/d in 2003-2004, and decreased to
+243 kcal/d in 2009-2010; a range of 533 kcal/d. The overall trend was significant (p <0.001), as
were the survey-to-survey differences from NHANES | through NHANES 1999-2000 (p
<0.001) and NHANES 2001-2002 (p<0.05), and 2007-2008 to 2009-2010 (p <0.001). All
disparity values were significantly different from zero indicating continuous misestimation

across the 39-year study period (p <0.001).

<Insert Figure 3>

Full NHANES Sample

Using the entire sample (i.e., all ages and sub-categories), the disparity between TEE L-
ACT (and EER L-ACT for individuals <19 years) varied from -13 kcal/d in the 1970s to a
maximum of +389 kcal/d in NHANES 2003-2004, decreasing to +302 kcal/d in 2009-2010. This
is a range in disparity of 402 kcal/d. The overall trend was significant (p <0.001), as were the
survey-to-survey differences from NHANES | to NHANES Il (p <0.007) and NHANES I1

through NHANES 1999-2000 (p <0.001) and NHANES 2007-2008 to 2009-2010 (p <0.001).

The disparity for TEE SED (and EER SED for individuals <19 years) varied from 96
kcal/d in the 1970s, reaching a maximum of +516 kcal/d in 2003-2004, decreasing to +430 in
2009-2010. This is a range in disparity of 420 kcal/d. The overall trend was significant (p

<0.001, as were the survey-to-survey differences from NHANES | to NHANES 11 (p <0.002),
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NHANES Il to NHANES 111 (p <0.001, and NHANES 111 to NHANES 1999-2000 (p <0.022)

and NHANES 2007-2008 to 2009-2010 (p <0.001).

Mathematical Modeling of Alterations in Weight via Disparity

Values

Tables 1 and 2 depict the changes in bodyweight for hypothetical reference men and
women for each of the nine NHANES survey waves induced by the disparity between the LAFA
values and the TEE L-ACT and TEE SED, respectively. The alterations in weight between TEE
L-ACT and LAFA varied from a yearly loss of ~4kg and ~5kg in men and women respectively,
to a yearly gain of ~4kg, in both men and women (i.e., a range of ~8-9Kkg). The alterations in
weight associated with the disparity between TEE SED and LAFA in men varied from a yearly
loss of ~2kg in both men and women to a yearly gain of ~7kg and ~8kg in men and women,

respectively (i.e., a range of 9-10kg).

Tables 1 and 2 also depict the measured changes in weight and the sum of the absolute
values of the estimated mean changes in weight across the entire study period compared to that
of the actual population-level gain in our reference individuals (65, 66, 68). Our models suggest
that if the LAFA kcal/d estimates were actually consumed reference men and women would have
lost ~1-4kg/year from 1971-1980 (a total accumulated loss of ~12kg to ~36kg), and gained ~3-7
kg/year from 1988-2010 (a total accumulated gain of ~42kg to ~98kg). The estimates differed
from the actual measured changes in weight over the 39-year study period in reference
individuals (i.e., gains of 10kg and 9kg in men and women, respectively). (65, 66, 68) From

1971-2010, the sum of the absolute values of the estimated mean alterations in weight from the
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disparity of LAFA and the TEE L-ACT were ~76kg and ~78kg for reference men and women,
respectively. The sum of the absolute values of the estimated mean alterations in weight from the
disparity of LAFA and the TEE SED were ~110kg for both reference men and women. This

suggests substantial misestimation of per capita caloric consumption by the LAFA data series.

<|Insert Table 1 & 2>

Discussion

The purpose of this study was to examine the validity of the USDA’s loss-adjusted food
availability data (LAFA) as a tool to estimate per capita caloric consumption. The USDA LAFA
data series provided inaccurate and inconsistent estimates of per capita caloric consumption over
its history, independent of population changes in PA (Fig. 1-3 and tables 1 and 2). The LAFA
estimates varied considerably from TEE, with significant increments and decrements between
the majority of surveys. Our results suggest that while the LAFA data are promoted by the
USDA as a proxy estimates for trends in per capita caloric consumption, (29) the validity of the
LAFA data series as a research tool or an empirical foundation for public health policy

development is extremely limited.

With the assumption that PA remained static across the study period, the misestimation of
per capita caloric consumption varied substantially (~400 kcal/d). With the incorporation of
decreasing levels of population PA (as suggested by multiple lines of research (47-54, 69)), the
range of the disparity between the LAFA data series and TEE increased to >500 kcal/d. Our
inclusion of the empirically supported decreasing trends in PA is a significant strength that
overcomes the limitations of previous research examining the LAFA data series.(43) If PA and

other forms of energy expenditure were unchanged over the study period, the ‘energy balance’
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conceptualization of obesity(70) suggests that increasing caloric consumption would be the only
explanation for the obesity epidemic. Nevertheless, if PA and PAEE have declined as
precipitously as current evidence suggests,(4, 47-49, 69) the actual increments in population-
level weight over the study period(65, 66, 68) lead to the counter-stereotypical conclusion that
caloric consumption may have actually declined as the prevalence of obesity increased. This has

(113

been referred to as the ““move less—eat somewhat less but still too much’ scenario.”(13)
Unfortunately, there are no valid data to support any speculations regarding population-level

trends in actual caloric consumption.(10-12)

Trends in LAFA — TEE disparity

From the early 1970s through 2008, both the LAFA estimates of per capita consumption
and TEE increased, albeit not at similar rates. From NHANES 2007-2008 to NHANES 2009-
2010, the LAFA estimates decreased while the population-level TEE increased. The reason for
this lack of concordance may be due to the incorporation of updated food loss data, potentially
leading to a decrement in misestimation.(44, 45) Nevertheless, these opposing trends strongly
suggest the LAFA data series fails to serve the purpose for which it is promoted (i.e.,

examination of trends in per capita consumption; e.g., see (29)).

The strongest evidence for the lack of validity of the LAFA data series are the predicted
changes in weight associated with the disparity between the TEE and the LAFA estimates via
mathematical modeling. From 1971-1980, if the LAFA kcal/d estimates were actually consumed,
reference men and women would have lost ~1-4kg/year from 1971-1980 (a total of ~12kg to

~36kg), and yet from 1988-2010 they would have gained ~3-7 kg/year (a total of ~42kg to
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~98kQ), respectively. These estimates differ substantially from the actual measured changes in
weight in reference individuals over the 39-year study period (i.e., no changes in weight from
1971-1980, and gains of 10kg and 9kg from 1999-2010 in men and women, respectively (65,
66)). The extent of this disparity is substantial given that the gain in weight associated with the
disparity for any four year period from 1999-2010 was greater than the change in weight over the
entire 39-year study period. These data clearly support our conclusion that the LAFA data series
is of limited value in the assessment of trends in per capita caloric consumption and related

public health policy.

In addition, all nutrients must be ingested within the food and beverages consumed
needed to meet minimum energy requirements.(71) As such, it is a simple analytic truth that both
macronutrient and micronutrient consumption (i.e., dietary patterns; e.g., protein, sodium) are
misestimated when total energy intake is misestimated.(23) Therefore, the assumption that the
LAFA data can be used to examine trends in patterns of the consumption of specific

commodities and/or specific nutrients is not empirically supported.

Limitations to LAFA Data Series

The LAFA series and other economic food supply data are quite distal from actual food
and beverage consumption, and are subject to a large range of well-established, non-trivial
errors. As such, their use as a proxy for per capita caloric consumption has been criticized by
both academics and independent evaluators.(72-75) While the criticisms of the LAFA data are
extensive, many revolve around the fact that these data reflect only the reported amounts of “raw

and semi-processed commodities” available for domestic consumption in the United States(56,
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76) and do not represent the final food products that may be consumed or discarded. As such, the
USDA food supply data merely “represent the amount of nutrients that disappear into the
marketing system and are neither a direct measure of actual nutrient consumption nor are they
based on the quantity of the food actually ingested.”(56) These indirect data collection protocols
are predisposed to accumulative errors as inaccurate estimates regarding use, waste, and loss are
propagated across the numerous stages of food distribution channels. As Muth et al. (2011)
stated, the current loss-adjusted food availability data are incomplete and overstate actual
consumption because the level of “documentation of food losses... ranged from little to none for
estimates at the retail and customer levels.”(45) Additionally, it appears that the LAFA data
series may have become less reliable for the examination of trends over its history because of the
non-proportionality (i.e., non-linearity) of food supply and waste as food availability
increases.(43, 45, 77-80) These results support that “[f]ood balance sheets are notoriously weak
on detail, waste estimations and amounts in general”(74) and buttress the Food and Agricultural
Organization of the United Nations statement that “...where the basic data are incomplete and

unreliable, an estimate of food available for human consumption is unlikely to be accurate.”(81)

Study Limitations

There are limitations to our study. While the IOM TEE equations were specifically
created to provide the most accurate estimates of TEE(58, 59), and are based on the current gold
standard measure of energy expenditure (i.e., doubly-labeled water(82)), there are limitations to
their use.(59) Nevertheless, prior to embarking on the present analysis of the LAFA data series,

we validated our own protocol for estimating TEE and food-energy requirements in the US
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population.(60) Our method included objective estimates of PA from accelerometry-based PA
monitors, and our sample was representative of the US population (i.e., the NHANES). Our
novel method demonstrated a 0.98 correlation (p <0.001) with the IOM estimates and the kcal/d
estimates differed by less than 2% across the entire nationally representative sample of US
citizens.(60) The fact that these two disparate methods produce nearly identical estimates of TEE
demonstrates the accuracy and reliability of the IOM equations to estimate the TEE of the US

population and supports our assumptions regarding its use.

Additionally, neither the LAFA data series nor our estimates account for consumption by
individuals not included in the Current Population Surveys such as homeless individuals
(estimated at ~650,000 people in 2009),(83) undocumented aliens (estimated at ~4% of the U.S.
population or 12.4 million people in 2007),(84) or tourists (~62 million visitors in 2011).(85)
Furthermore, neither the LAFA data series nor our analyses can account for the increasing
amount of food available for human consumption that is fed to pets and other animals. This
limitation may be substantial given that over the study period, the pet population increased from
65 million to more than 135 million in 2007 (excluding strays and animals in humane
shelters).(86) As such, the inability of the LAFA data series to account for these significant
confounding factors lends credence to our conclusion that it lacks validity as a proxy for trends
in per capita caloric consumption and its intended purpose as stated by multiple USDA ERS
publications to “provide an indication of whether Americans, on average, are consuming more or

less of various foods over time.”(87, 88)
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Summary

The USDA LAFA data series are ostensibly the empirical foundation for US food-based
public health policy development and yet provided varying and divergent estimates of per capita
caloric consumption inconsistent with known changes in both population-level and reference
individuals’ weight over its history. The varying misestimation, inclusive of both under and over
estimations, over the past four decades, suggests that despite the USDA’s claims, the LAFA data
series lack validity, and therefore cannot be used as a tool to estimate trends in per capita caloric
consumption. Importantly, as evidenced by our sensitivity analyses, our estimates of the
discrepancies between LAFA per capita consumption and total daily energy expenditure values

is independent of any purported changes in population-level PA.

The confluence of our previous results (10-12) with the present study suggests that there
are no valid population-level data on energy intake. As such, speculations regarding the role of
caloric consumption in the etiology of the obesity epidemic do not have empirical support.
Importantly, the lack of concordance between food supply data and the prevalence of obesity
suggests that reductionist models derived from superficial economic data (e.g., see (31)) are of
limited value in nutrition and obesity research. Given this reality, examinations of obesity and
related chronic non-communicable diseases must include evidence demonstrating decades-long
decrements in physical activity (PA), PA-related cardiorespiratory fitness, and physical activity
energy expenditure (PAEE)(47-54, 69) as well as recent work detailing the mechanisms of
nutrient-energy partitioning in the non-genetic intergenerational transmission of obesity and

T2DM.(4, 7, 89, 90)
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Conclusion

The USDA LAFA estimates of per capita caloric consumption were inconsistent with
known changes in US population weight and estimated changes in total daily energy expenditure
over its 39-year history. The large, variable misestimation suggests the USDA LAFA data lack
validity as a proxy for per capita caloric intake and should not be used to inform related dietary
guidelines or public policy. The confluence of our previous results with the present study
suggests that food and beverage consumption data derived from invalid data collection protocols
may have constrained the scientific community’s understanding of the etiology of the obesity

epidemic.

Acknowledgements:

Authors: Edward Archer, PhD, MS.,! Diana M. Thomas, PhD.,?> Samantha M. McDonald, MS.,?

Gregory Pavela, Ph.D.,* Chip Lavie, MD.,* James O. Hill, PhD.,” Steven N. Blair, P.E.D.°

The authors would like to acknowledge the editorial contributions of Drs. Kenneth Kell and

Andrew Brown to earlier drafts of this manuscript.

Institution & Affiliations: *EnduringFX, Columbia SC., *Center for Quantitative Obesity
Research, Montclair State University, Montclair, NJ., *Department of Exercise Science, Arnold
School of Public Health, University of South Carolina, Columbia, S.C.,*Department of Health
Behavior, University of Alabama at Birmingham, Birmingham, AL, 35333, °Ochsner Heart and
Vascular Institute, The University of Queensland School of Medicine, New Orleans, LA.,

®Center for Human Nutrition, University of Colorado Health Sciences Center, Denver,



24

CO.,"Department of Epidemiology and Biostatistics, University of South Carolina, Columbia,

SC.

Author Contact: Edward Archer <archer.edwardc@gmail.com>, "Mcdonald, Samantha"
<mcdona84@email.sc.edu> , Diana Thomas <thomasdia@mail.montclair.edu>, Blair, Steven
<SBLAIR@mailbox.sc.edu>, Carl Lavie <clavie@ochsner.org>, Hill, James

James.Hill@ucdenver.edu., Pavela, Gregory, <pavela@uab.edu>

Contributions: E. Archer had full access to all of the data in the study and takes responsibility

for the integrity of the data and the accuracy of the data analysis.

Study concept and design: E. Archer and S. Blair participated in the initial concept and design

of this project.

Analysis and interpretation of data: All statistical analyses and mathematical calculations
were performed by E. Archer and D. Thomas. The interpretation was performed by E. Archer

with assistance from all authors.
Drafting of the manuscript: E. Archer drafted the manuscript.

Critical revision of the manuscript for important intellectual content: All authors

participated in the critical review and multiple revisions.

Study supervision: S. Blair provided study supervision.



25

References

1. WHO. Obesity: preventing and managing the global epidemic. Report of a WHO
consultation. Geneva: World Health Organization Tech Rep Ser; 2000. i-xii, 1-253 p.

2. James WP. WHO recognition of the global obesity epidemic. Int J Obes (Lond). 2008;32
Suppl 7:S120-6.

3. McAllister EJ, Dhurandhar NV, Keith SW, Aronne LJ, Barger J, Baskin M, et al. Ten
putative contributors to the obesity epidemic. Crit Rev Food Sci Nutr. 2009;49(10):868-913.

4, Archer E. The Childhood Obesity Epidemic as a Result of Nongenetic Evolution: The
Maternal Resources Hypothesis. Mayo Clinic Proceedings. 2015;90(1):77-92.

5. Keith SW, Redden DT, Katzmarzyk PT, Boggiano MM, Hanlon EC, Benca RM, et al.
Putative contributors to the secular increase in obesity: exploring the roads less traveled. Int J
Obes (Lond). 2006;30(11):1585-94.

6. Casazza K, Fontaine KR, Astrup A, Birch LL, Brown AW, Bohan Brown MM, et al.
Myths, presumptions, and facts about obesity. N Engl J Med. 2013;368(5):446-54.

7. Archer E. The Mother of All Problems. New Scientist. 2015:32-3.

8. Hebert JR, Allison DB, Archer E, Lavie CJ, Blair SN. Scientific decision making, policy
decisions, and the obesity pandemic. Mayo Clin Proc. 2013;88(6):593-604.

9. Casazza K, Allison DB. Stagnation in the clinical, community and public health domain
of obesity: the need for probative research. Clinical Obesity. 2012;2(3-4):83-5.

10.  Archer E, Hand GA, Blair SN. Validity of U.S. nutritional surveillance: National Health
and Nutrition Examination Survey caloric energy intake data, 1971-2010. PLoS One.
2013;8(10):e76632.

11.  Archer E, Pavela G, Lavie CJ. The Inadmissibility of What We Eat in America and
NHANES Dietary Data in Nutrition and Obesity Research and the Scientific Formulation of
National Dietary Guidelines. Mayo Clin Proc. 2015;90(7):911-26.

12.  Archer E, Pavela G, Lavie CJ. A Discussion of the Refutation of Memory-Based Dietary
Assessment Methods (M-BMs): The Rhetorical Defense of Pseudoscientific and Inadmissible
Evidence. Mayo Clinic Proceedings. 2015;90(12):1736-8.

13. Millward DJ. Energy balance and obesity: a UK perspective on the gluttony v. sloth
debate. Nutr Res Rev. 2013:1-21.

14. Ferro-Luzzi A, Leclercq C. The Decision-Making Process in Nutritional Surveillance in
Europe. Cambridge Journals Online; 1991. p. 661-72.

15.  Schoeller DA. Limitations in the assessment of dietary energy intake by self-report.
Metabolism. 1995;44(2 Suppl 2):18-22.

16.  Subar AF, Kipnis V, Troiano RP, Midthune D, Schoeller DA, Bingham S, et al. Using
intake biomarkers to evaluate the extent of dietary misreporting in a large sample of adults: the
OPEN study. Am J Epidemiol. 2003;158(1):1-13.

17.  Goris AH, Westerterp-Plantenga MS, Westerterp KR. Undereating and underrecording of
habitual food intake in obese men: selective underreporting of fat intake. Am J Clin Nutr.
2000;71(1):130-4.

18. Bellach B, Kohlmeier L. Energy adjustment does not control for differential recall bias in
nutritional epidemiology. J Clin Epidemiol. 1998;51(5):393-8.

19.  Schoeller DA, Thomas D, Archer E, Heymsfield SB, Blair SN, Goran Ml, et al. Self-
report-based estimates of energy intake offer an inadequate basis for scientific conclusions. Am J
Clin Nutr. 2013;97(6):1413-5.



26

20. Heitmann BL, Lissner L, Osler M. Do we eat less fat, or just report so? Int J Obes Relat
Metab Disord. 2000;24(4):435-42.

21. Lissner L, Troiano RP, Midthune D, Heitmann BL, Kipnis V, Subar AF, et al. OPEN
about obesity: recovery biomarkers, dietary reporting errors and BMI. Int J Obes (Lond).
2007;31(6):956-61.

22, Dhurandhar NV, Schoeller D, Brown AW, Heymsfield SB, Thomas D, Sorensen TI, et al.
Energy balance measurement: when something is not better than nothing. Int J Obes (Lond).
2014,

23.  Archer E, Blair SN. Reply to LS Freedman et al. Advances in nutrition (Bethesda, Md).
2015;6(4):489-90.

24.  Archer E, Blair SN. Implausible data, false memories, and the status quo in dietary
assessment. Advances in nutrition (Bethesda, Md). 2015;6(2):229-30.

25. loannidis JPA. Implausible results in human nutrition research. BMJ. 2013;347.

26. USDA. Nutrient Content of the U.S. Food Supply, Developments Between 2000-2006:
United States Department of Agriculture, Center for Nutrition Policy and Promotion, Home
Economics Research Report, Number 59; 2011.

27, USDA. Food Availability (Per Capita) Data System: United States Department of
Agriculture, Economic Research Service; available @ http://www.ers.usda.gov/data-
products/food-availability-%28per-capita%?29-data-system/loss-adjusted-food-availability-
documentation.aspx accessed 01/06/16; 2015.

28. USDA. Food Availability (Per Capita) Data System; Nutrient Availability
Documentation: Accessed 01/07/2016 @ http://www:.ers.usda.gov/data-products/food-
availability-%28per-capita%?29-data-system/nutrient-availability-documentation.aspx; 2015.
29.  Wells HF, Buzby JC. Dietary Assessment of Major Trends in U.S. Food Consumption,
1970-2005; Economic Information Bulletin No. (EIB-33). Washington, DC: USDA, Economic
Reearch Service; 2008.

30. McCrory MA, Suen VM, Roberts SB. Biobehavioral influences on energy intake and
adult weight gain. J Nutr. 2002;132(12):3830S-4S.

31. Swinburn B, Sacks G, Ravussin E. Increased food energy supply is more than sufficient
to explain the US epidemic of obesity. Am J Clin Nutr. 2009;90(6):1453-6.

32. Shao Q, Chin KV. Survey of American food trends and the growing obesity epidemic.
Nutr Res Pract. 2011;5(3):253-9.

33. Harnack LJ, Jeffery RW, Boutelle KN. Temporal trends in energy intake in the United
States: an ecologic perspective. Am J Clin Nutr. 2000;71(6):1478-84.

34. Barnard ND. Trends in food availability, 1909-2007. The American Journal of Clinical
Nutrition. 2010;91(5):1530S-6S.

35. Carden TJ, Carr TP. Food availability of glucose and fat, but not fructose, increased in
the U.S. between 1970 and 2009: analysis of the USDA food availability data system. Nutr J.
2013;12:130.

36.  Crane NT, Lewis CJ, Yetley EA. Do time trends in food supply levels of macronutrients
reflect survey estimates of macronutrient intake? Am J Public Health. 1992;82(6):862-6.

37.  Raper NR, Marston RM. Levels and sources of fat in the U.S. food supply. Progress in
clinical and biological research. 1986;222:127-52.

38. USDA. Obesity: United States Department of Agriculture, Economic Research Service;
2014 [Available from: http://www.ers.usda.gov/topics/food-choices-health/obesity.aspx.



27

39. NewsWise. USDA Food Availability Data System Tracks U.S. Eating
http://www.newswise.com/articles/usda-food-availability-data-system-tracks-us-eating2010
[Available from: http://www.newswise.com/articles/usda-food-availability-data-system-tracks-
us-eating.

40. DeSimone JA, Beauchamp GK, Drewnowski A, Johnson GH. Sodium in the food supply:
challenges and opportunities. Nutr Rev. 2013;71(1):52-9.

41.  Johnson SR. How nutrition policy affects food and agricultural policy. J Nutr.
1994;124(9 Suppl):1871S-7S.

42. Farnsworth HC. Defects, Uses, and Abuses of National Food Supply and Consumption
Data. Stanford, CA: Food Research Institute Studies; Stanford University; 1961.

43. Hall KD, Guo J, Dore M, Chow CC. The progressive increase of food waste in America
and its environmental impact. PLoS One. 2009;4(11):e7940.

44, Muth MK, Kosa KM, Nielsen SJ, Karns SA. Exploratory research on estimation of
consumer-level food loss conversion factors, Agreement No. 58-4000-6-0121. Research Triangle
Park, NC: RTI International.: U.S. Department of Agriculture, Economic Research Service;
2007.

45, Muth MK, Karns SA, Nielsen SJ, Buzby JC, Wells HF. Consumer-Level Food Loss
Estimates and Their Use in the ERS Loss-Adjusted Food Availability Data. USDA Economic
Research Service, Technical Bulletin (TB-1927); 2011. Contract No.: (TB-1927).

46. Neff RA, Spiker ML, Truant PL. Wasted Food: U.S. Consumers' Reported Awareness,
Attitudes, and Behaviors. PLoS One. 2015;10(6):e0127881.

47.  Archer E, Lavie CJ, McDonald SM, Thomas DM, Hébert JR, Taverno Ross SE, et al.
Maternal Inactivity: 45-Year Trends in Mothers’ Use of Time. Mayo Clinic Proceedings.
2013;88(12):1368-77.

48. Archer E, Shook RP, Thomas DM, Church TS, Katzmarzyk PT, Hebert JR, et al. 45-Year
Trends in Women's Use of Time and Household Management Energy Expenditure. PLoS One.
2013;8(2):€56620.

49.  Church TS, Thomas DM, Tudor-Locke C, Katzmarzyk PT, Earnest CP, Rodarte RQ, et
al. Trends over 5 decades in U.S. occupation-related physical activity and their associations with
obesity. PL0oS One. 2011;6(5):e19657.

50. Ng SW, Popkin BM. Time use and physical activity: a shift away from movement across
the globe. Obes Rev. 2012;13(8):659-80.

51. Gahche J, Fakhouri T, Carroll DD, Burt VL, Wang C, Fulton JE. Cardiorespiratory
Fitness Levels Among U.S. Youth Aged 12-15 Years: United States, 1999-2004 and 2012;
NCHS Data Brief No. 153. Hyattsville, MD: CDC; National Center for Health Statistics.; 2014.
52. Eisenmann JC, Malina RM. Secular trend in peak oxygen consumption among United
States youth in the 20th century. Am J Hum Biol. 2002;14(6):699-706.

53.  Tomkinson GR, Leger LA, Olds TS, Cazorla G. Secular trends in the performance of
children and adolescents (1980-2000): an analysis of 55 studies of the 20m shuttle run test in 11
countries. Sports Med. 2003;33(4):285-300.

54. Tomkinson GR, Macfarlane D, Noi S, Kim DY, Wang Z, Hong R. Temporal changes in
long-distance running performance of Asian children between 1964 and 2009. Sports Med.
2012;42(4):267-79.

55.  CDC. National Health and Examination Survey Atlanta, GA: Centers for Disease Control
and Prevention; 2012 [Available from:
http://www.cdc.gov/nchs/nhanes/nhanes_questionnaires.htm.



28

56. USDA. Nutrient Content of the US Food Supply, 1909-2000. Agriculture USDo, editor.
Washington DC: United States Department of Agriculture; Center for Nutrition Policy and
Promotion, Home Economics Research Report 56; 2004.

57. Kelly A, Becker W, Helsing E. Food Balance Sheets. In: Becker W, Helsing E, editors.
Food and health data: Their use in nutirition policy-making. 34: WHO Regional Publications,
European Series, No 34; 1991. p. 39-48.

58. IOM. Report of the Panel on Macronutrients: Dietary Reference Intakes for Energy,
Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino Acids (Macronutrients).
Washington D.C.: The National Academies Press; 2005.

59. Brooks GA, Butte NF, Rand WM, Flatt J-P, Caballero B. Chronicle of the Institute of
Medicine physical activity recommendation: how a physical activity recommendation came to be
among dietary recommendations. American Journal of Clinical Nutrition. 2004;79(5):921S-30S.
60.  Archer E, Hand GA, Hébert JR, Lau EY, Wang X, Shook RP, et al. Validation of a Novel
Protocol for Calculating Estimated Energy Requirements and Average Daily Physical Activity
Ratio for the U.S. Population: 2005-2006. Mayo Clinic Proceedings. 2013;88(12):1398-407.

61. Hill JO, Wyatt HR, Peters JC. Energy Balance and Obesity. Circulation.
2012;126(1):126-32.

62.  Thomas DM, Ciesla A, Levine JA, Stevens JG, Martin CK. A mathematical model of
weight change with adaptation. Math Biosci Eng. 2009;6:873.

63.  Thomas D, Martin C, Heymsfield S, Redman L, Schoeller D, Levine J. A simple model
predicting individual weight change in humans. J Biol Dyn. 2011;5:579.

64.  Thomas DM, Schoeller DA, Redman LA, Martin CK, Levine JA, Heymsfield SB. A
computational model to determine energy intake during weight loss. Am J Clin Nutr.
2010;92(6):1326-31.

65.  Ogden CL, Fryar CD, Carroll MD, Flegal KM. Mean body weight, height, and body mass
index, United States 1960-2002. Adv Data. 2004(347):1-17.

66. Fryar CD, Gu Q, Ogden CL. Anthropometric Reference Data for Children and Adults:
United States, 2007-2010. National Center for Health Statistics, Vital Health Statistics.
2012;11(252).

67. USCB. Decennial Census Data on Age and Sex. US Census Bureau UDoC, editor.
Washinton, DC: US Census Bureau, US Department of Commerce; accessed 02/13/13 @
http://www.census.gov/population/age/data/decennial.html; 2013.

68. Hay WW, Jr. Recent observations on the regulation of fetal metabolism by glucose. J
Physiol. 2006;572(Pt 1):17-24.

69. McDonald NC. Active transportation to school: trends among U.S. schoolchildren, 1969-
2001. Am J Prev Med. 2007;32(6):509-16.

70. Hill JO. Understanding and addressing the epidemic of obesity: an energy balance
perspective. Endocrine reviews. 2006;27(7):750-61.

71. Livingstone MB, Black AE. Markers of the validity of reported energy intake. J Nutr.
2003;133 Suppl 3:895s-920s.

72. Svedberg P. 841 Million Undernourished? World Development. 1999;27(12):2081-98.
73.  CC-IEE. Report of the independent external evaluation of the Food and Agriculture
Organisation of the United Nations. Rome, Italy: Food and Agriculture Organization; 2008.

74, Kohlmeier L. Problems and pitfalls of food-to-nutrient conversion. In: Becker W, Helsing
E, editors. Food and health data: Their use in nutirition policy-making: WHO Regional
Publications, European Series, No 34; 1991. p. 73-84.



29

75. Hawkesworth S, Dangour AD, Johnston D, Lock K, Poole N, Rushton J, et al. Feeding
the world healthily: the challenge of measuring the effects of agriculture on health. Philosophical
transactions of the Royal Society of London Series B, Biological sciences.
2010;365(1554):3083-97.

76. USDA. Nutrient Data FAQs Beltsville, MD: Agricultural Research Service; 2012
[Available from: http://www.ars.usda.gov/Main/docs.htm?docid=6233#4-9-4.

77.  NRC. Data and Research to Improve the U.S. Food Availability System and Estimates of
Food Loss: A Workshop Summary; National Research Council. Kirkendall NJ, editor.
Washington, DC: The National Academies Press; 2015. 176 p.

78.  Jones TW, Dahlen S, Bockhorst A, Cisco K, McKee B. Household Food Loss Comparing
Tucson, Arizona and Wilmington, Delaware: Extrapolating the Tucson Data to the Nation.
Report to the United States Department of Agriculture: Economic Research Service; 2002.

79. Holden JM. Food sampling strategies for energy intake estimates. Am J Clin Nutr.
1995;62(5 Suppl):1151S-7S.

80.  Serra-Majem Ls. Food availability and consumption at national, household and individual
levels: implications for food-based dietary guidelines development. Cambridge Journals Onling;
2001. p. 673-6.

81. FAO. Food Balance Sheets: A handbook. Rome, Italy: Food and Agriculture
Organization of the United Nations; available at:
http://www.fao.org/docrep/003/x9892e/x9892e01.htm; 2001.

82.  Ainslie PN, Reilly T, Westerterp KR. Estimating Human Energy Expenditure: A Review
of Techniques with Particular Reference to Doubly Labelled Water. 2003. p. 683-98.

83. NAEH. The State of Homelessness in America. Accessed 01/15/2013 @
http://www.endhomelessness.org/library/entry/the-state-of-homelessness-in-america-2012:
NAtional Alliance to End Homelessness (NAEH); 2012.

84. Passel JS, Cohn D. Trends in Unauthorized Immigration: Undocumented Inflow Now
Trails Legal Inflow. Washington, D.C.: Pew Hispanic Center; 2008.

85. ITA. Fast Facts: United States Travel and ourism Industry-2011-: International Trade
Administration; Office of Travel and Tourism Industries; accessed 01/06/2013 @
www.tinet.ita.doc.gov/outreachpages/download_data_table/Fast_Facts.pdf.

86. HUSUS. Common Questions. The Humane Society of the United States; accessed
01/12/2013 @
http://www.humanesociety.org/animal_community/resources/qa/common_questions_on_shelters
html2012.

87.  Wells HF, Buzby JC. Americans' Dairy Consumption Below Recommendations.
Washington, DC; available at http://www.ers.usda.gov/amber-waves/2007-november/americans-
dairy-consumption-below-recommendations.aspx: USDA, Economic Research Service; 2007.
88. Bentley J. U.S. Per Capita Availability of Chicken Surpasses That of Beef. Washington,
DC; available at: http://www.ers.usda.gov/amber-waves/2012-september/us-consumption-of-
chicken.aspx: USDA, Economic Research Service; 2012.

89.  Archer E. In reply—Maternal, Paternal, and Societal Efforts Are Needed to “Cure”
Childhood Obesity. Mayo Clinic Proceedings. 2015;90(4):555-7.

90.  Archer E. In reply—Epigenetics and Childhood Obesity. Mayo Clinic Proceedings.
2015;90(5):693-5.



30

Commentary

Obesity has been implicated as one of the major risk factors for
cardiovascular disease and its prevalence has increased during the last
decades (1). However, there is little agreement on the particular
reasons why this increased in the prevalence of obesity has happened.
Caloric consumption has been implicated as one of the etiologic factors
by which obesity can occur, however a previous study by the authors
(2) has shown that memory-based dietary assessment methods (M-BM)
data has limitations to guide caloric intake and it cannot be used to
inform national dietary guidelines. In the issue of the Journal, Archer et
al report (3) the validity of the 1971-2010 USDA’s loss-adjusted food
availability (LAFA) per capita as an estimate of caloric consumption. The
authors calculated the estimated total daily energy expenditure (TEE)
utilizing the Institute of Medicine’s equations with ‘low-active’ (TEE L-

ACT) and ‘sedentary’ (TEE SED) physical activity values. These TEE
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estimates were subtracted from LAFA estimates to create disparity
values (kilocalories per day; kcal/d) and a validated mathematical
model was applied to calculate expected weight change in reference
individuals resulting from the disparity. The authors demonstrate that
The USDA LAFA data provided inconsistent estimates of per capita
caloric consumption and thus, there are no valid population-level data
on energy intake. In addition, they state that speculations regarding the
role of caloric consumption in the etiology of the obesity epidemic do
not have empirical support and because of the lack of concordance
between food supply data and the prevalence of obesity are of limited
value in obesity research. More importantly, they state that obesity not
only should report caloric intake but also should include evidence
demonstrating decades-long decrements in physical activity (PA), PA-
related cardiorespiratory fitness, and physical activity energy

expenditure.
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This is a very provocative and interesting manuscript. As the authors
alluded to there are some limitations to the calculations, but it portraits
that some of the data we utilized in reporting caloric intake have
limitations and should not be taken as gold standard. Thus, one should
be cautious to make public policy regarding caloric intake and its
implications for the epidemic of obesity. The problemis that these
databases are the only comprehensive source of information on the
food and nutrient intake of the US population and dietary intake data
are collected using standardized, validated protocols and there are
many studies that have linked dietary intake and physical activity as key

determinants of obesity. (4)

In conclusion, the authors suggest the USDA LAFA data lack validity as
an estimation for per capita caloric and therefore one should be
cautious to the role on the understanding of the etiology of the obesity

epidemic.
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Table 1: Estimated Changes in Weight
from the Disparity of IOM TEE L-ACT — USDA LAFA*

NHANE
Sl
1971-
1974

NHANE
S
1976-
1980

NHANE

S

1988-
1994

NHANE
S 1999-
2000

NHANE
S 2001-
2002

NHANE
S 2003-
2004
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S 2005-
2006

NHANE
S 2007-
2008

NHANE
S 2009-
2010

LAFA-
TEE
(kcal/day)

*Disparity:

-205

-173

139

174

189

175

179

101

Men (35 years old)

Height
(cm)+

175

175

176

176

176

176

176

176

176

Start
Weight
(kg):
from
NHANES+

79

79

83

87

87

88

88

89

89

End
Weight
(kg)

75

75

83

90

91

92

92

93

91

Yearly
Change in
Weight
(kg)

Accumulat
ed Change
over
Survey
Wave (kg)

-16

-16

++Total
Accumulat
ed Change
Over Study
Period:
1971-2010

(kg))

16

32

32

38

46

54

62

70

76

Women (35 years old)

Height
(cm)+

162

162

162

163

163

162

162

162

162

Start
Weight

(kg):

from
NHANES+

66

66

70

74

74

75

75

75

75

End
Weight
(kg)

61

62

70

77

78

79

79

79

77

Yearly
Change in
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Weight
(kg)

Accumulat
ed Change
over
Survey
Wave (kg)

-16

++Total
Accumulat
ed Change
Over Study

Period:
1971-2010

(kgD

20

36

36

42

50

58

66

74

78

* All estimates rounded to the nearest integer; ++ Absolute value of alterations in weight of reference
individuals over the study period; + Sources (65, 66, 68)

Table 2: Estimated Changes in Weight
from the Disparity of IOM TEE SED —-USDA LAFA*

NHAN NHAN NHAN NHAN NHAN NHAN NHAN NHAN NHAN
ESI ES I ES I ES ES ES ES ES ES
(1971- (1976- (1988- 1999- 2001- 2003- 2005- 2007- 2009-
1974) 1980) 1994) 2000 2002 2004 2006 2008 2010
*Disparity
LAFA- -84 -52 138 276 313 328 315 319 243
TEE
(kcal/day)
Men (35 years old)
Height 175 175 176 176 176 176 176 176 176
(cm)+
Start
Weight
ftkg): 79 79 83 87 87 88 88 89 89
rom
NHANES
+
End
Weight 77 78 86 93 94 95 95 96 95
(ka)
Yearly
Change in
Weight -2 -1 3 6 7 7 7 7 6
(kg)
Accumula
ted
Change -8 -4 18 12 14 14 14 14 12
over
Survey
Wave (kg)
++Total 8 12 30 42 56 70 84 98 110
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Accumula
ted
Change
Over
Study
Period:
1971-
2010

(kgD

Women (35 years old)

Height

162 162 162 163 163 162 162 162 162
(cm)+

Start
Weight
(kg): from 66 66 70 74 74 75 75 75 75
NHANES
+

End
Weight 64 65 73 80 81 83 82 82 80

(kg)

Yearly
Change in
Weight
(kg)

Accumula
ted
Change

over -8 -4 18 12 14 16 14 14 10
Survey
Period

(kg)

++Total
Accumulate
d Change
Over Study 8 12 30 42 56 72 86 100 110
Period:
1971-2010

(kgD

* All estimates rounded to the nearest integer; ++ Absolute value of alterations in weight over study
period; + Sources (65, 66, 68)
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1. Figure 1: Institute of Medicine (IOM) estimated Total Daily Energy Expenditure
(TEE) in Kkilocalories per day (kcal/d) using ‘sedentary’ (SED) and ‘low-active (L-

ACT) PA value and USDA LAFA data by NHANES Survey Year.

a. USDA LAFA = United States Department of Agriculture Loss Adjusted Food Availability Data;
IOM = Institute of Medicine, TEE = Estimated Total Daily Energy Expenditure, NHANES =
National Health and Examination Survey, kcal/d = kilocalories per day, L-ACT = ‘Low Active’

PA value used in IOM TEE equation; SED = ‘Sedentary’ PA value used in IOM TEE equation.
2. Figure 2: Disparity between USDA Loss Adjusted Food Availability (LAFA) and
Institute of Medicine (IOM) Estimated Total Daily Energy Expenditure (TEE SED,
TEE L-ACT) in kilocalories per day (kcal/d) by NHANES Survey Year. Non-zero

values indicate misestimation.

a. USDA LAFA = United States Department of Agriculture Loss Adjusted Food Availability Data;
IOM = Institute of Medicine, TEE = Estimated Total Daily Energy Expenditure, NHANES =
National Health and Examination Survey, kcal/d = kilocalories per day, SED = ‘Sedentary’ PA

value used in IOM TEE equation. L-ACT = ‘Low Active’ PA value used in IOM TEE equations.

3. Figure 3: Disparity between USDA Loss Adjusted Food Availability (LAFA) and
Institute of Medicine (IOM) Estimated Total Daily Energy Expenditure (TEE) in
kilocalories per day (kcal/d) by NHANES Survey Wave; assuming a population level
decrease in PA from 1971 to 2010. Non-zero values indicate misestimation. TEE L-
ACT was used for NHANES | & Il and TEE SED was used from NHANES 111 to
2009-2010.

a. USDA LAFA = United States Department of Agriculture Loss Adjusted Food Availability Data;
IOM = Institute of Medicine, TEE = Estimated Total Daily Energy Expenditure, NHANES =
National Health and Examination Survey, kcal/d = kilocalories per day, SED = ‘Sedentary’ PA

value used in IOM TEE equation. L-ACT = ‘Low Active’ PA value used in IOM TEE equations.
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Figure 2.
Disparity (kcal/day) between USDA LAFA and IOM TEE:
(Low-Active & Sedentary Levels)
400
350
300+ USDA LAFA minus
i =|0M TEE Sedentary
250
200
150+ ... USDA LAFA minus
T 1 IOM TEE Low-Active
© 4
£ 100
E i
W 50
= 1 Non-Zero Values
] Indicate
0] Misestimation
50
R Survey-to-Survey:
-100— *p <0.05
1 **p<0.001
-1507] Trend:
] NHANES I to 2009-2010
2004 #p <0.001
-250 T | T T T T
NHANES I NHANES Il | NHANES 01-02 | NHANES 05-06 | NHANES 09-10
NHANES II NHANES 99-00 NHANES 03-04 NHANES 07-08

NHANES Survey Wave

Figure 3.



MEAN: kcal/d

40
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