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ABSTRACT

Under a contract from the US Department of Health and Human
Services, amultidisciplinary expert panel was appointed 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.” Within the overall context of the charge, the panel
sought to quantify ratesand componentsof daily energy expenditure
in healthy adults with body mass indexes (in kg/m?) of 18.5-25, in
growing children (in the 5th—85th percentiles of weight-for-length),
and in pregnant and lactating women. The recommendation for
adults became the daily energy intake necessary to cover total daily
energy expenditure (TEE). For special cases, dietary macronutrients
and energy to support child growth and pregnancy and lactation by
women were considered. TEE was based on the results of doubly
labeled water studies, and the TEE resultswere presented in units of
physical activity level (PAL = TEE/BEE) and APAL, where BEE is
thebasal rate of energy expenditureextrapol ated to 24 h. Most adults
(66%) maintaining a BMI in the healthful range had PAL values
>1.6, or the equivalent of =60 min of physical activity of moderate
intensity each day. Hence, on the basis of the doubly labeled water
data and the results of epidemiologic studies, the physical activity
recommendation for adults was judged to be 60 min/d. The recom-
mendation for children wasfor aminimum of 60 min/d. In conclusion,
dietary and physicd activity recommendations for heathful living are
inextricably intertwined. Adequate physica activity provides protec-
tion against chronic diseases and helps to balance energy expenditure
and intake. Am J Clin Nutr 2004;79(suppl):921S-30S.

KEY WORDS  Energy, energy expenditure, doubly labeled
water, metabolism, macronutrient nutrition, dietary energy intake,
exertion

INTRODUCTION

The National Institutes of Health, Health Canada, and the
National Academy of Sciences|nstituteof Medicine(IOM) Food
and Nutrition Board convened a multidisciplinary expert panel
under a contract from the US Department of Health and Human
Services to “review the scientific literature regarding macronu-
trients and energy and devel op estimates of daily intake that are
compatible with good nutrition throughout the life span and that
may decrease the risk of chronic disease.” In this article, we
recount some of the deliberations of the IOM Macronutrient
Panel (1).
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ThelOM Macronutrient Panel estimated energy requirements
at sedentary, low active, active, and very active levels of energy
expenditure, but recommended the active level of physical ac-
tivity because it is associated with a healthy body mass index
(BMI) and because epidemiologic evidence indicates that the
active level of physical activity is compatible with minimizing
therisksof several chronic diseases. Accepting ahealthy BMI [in
kg/m? (wt/ht?)] range of 18.5 to <25 for the adult population (2,
3), the IOM panel developed estimated energy requirements
(EERS) and the physical activity recommendation by consider-
ing 4 basic principles. First, the energy requirement was defined
asthat necessary to maintain a stable body weight in the normal
rangeand alevel of physical activity consistent with good health.
In children and in pregnant and lactating women, additional
energy is needed for the deposition of tissues and secretion of
milk. Aspreviously, theenergy requirement wasbased on energy
expenditure, not energy intake. Second, for the first time, the
traditional factorial approach to derive EERs was abandoned,
and data on total energy expenditure (TEE) measured by the
doubly |abeled water (DL W) techniquewereusedinstead. Third,
of the components of TEE, activity energy expenditure is the
most variable among individuals and moreover is individualy
determined. Consequently, physical activity is the primary
means by which aperson can vary energy expenditureto balance
dietary energy intake once basal energy expenditure (BEE) and
obligatory thermogenesisin the healthy population are covered.
Finally, with the recognition that physical activity provides
health benefits that cannot be realized by controlling either the
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amounts or proportions of dietary macronutrients, it was neces-
sary to include a physical activity recommendation among the
dietary recommendations formulated by the Macronutrient
Panel.

Giventhesecular trendsin obesity and rel ated chroni c diseases
in the US and presumably Canadian populations (4), a more
explicit physical activity recommendation may be helpful to
health care professionals. The |IOM physical activity recommen-
dation isto be considered alongside the other recommendations
inthereport, such astheimportance of minimizing the consump-
tion of cholesterol andtransand saturated fatty acids. Aswell, the
IOM physical activity recommendation is to be considered
alongside long-standing advice to moderate energy intake if the
habitual level of physical activity is inadequate to prevent the
accretion of body fat and undesirable weight gain.

THE PROCESS TO ESTIMATE ENERGY
REQUIREMENTS

Energy intakeisessential for life. Energy isrequired to sustain
the body’ s various functions, including the mai ntenance of core
body temperature, respiration, circulation, deposition of tissues
during growth and pregnancy, milk secretion, and physical work.
Estimation of how much energy anindividual needsiscritical for
nutritional planning and assessment in individuals and popula-
tions.

Recommendations for the nutrient intakes of individuals are
generally set to provide enough to meet or exceed the require-
ments of almost all healthy individualsin a given sex and life-
stage group as well as enough to allow reasonably fast recovery
of losses that may have been incurred. For most nutrients, indi-
vidual requirements correspond to the population average re-
quirement plus 2 SDsto ensurethat the requirements provide for
the needs of nearly al (=95%) of the healthy individualsin the
population. This is reasonable for nutrients for which modest
excess intakes present no health risks. However, excess energy
intake is eventually deposited in the form of body fat, which
provides a means of maintaining metabolism during periods of
limited food intake but can also result in obesity.

Desirable levels of energy intake should be commensurate
with energy expenditure, so as to achieve energy balance. Al-
though frequently applied in the past, thisis not appropriate asa
solecriterion, which can be easily understood by considering the
rationale used in the 1985 Technical Report published by the
FAO/WHO/UNU Expert Consultation on Energy and Protein
Requirements (5). It states that

“The energy requirement of an individual isalevel of energy
intake from food that will balance energy expenditure when the
individual hasabody sizeand composition, and level of physical
activity, consistent with long-term good health; and that would
allow for the maintenance of economically necessary and so-
cialy desirable physical activity. In children and pregnant or
lactating women the energy requirement includes the energy
needs associ ated with the deposition of tissues or the secretion of
milk at rates consistent with good health.”

This definition implies that desirable energy intakes should
support healthy body weights and composition and adequate
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levels of physical activity. Implicit in this statement is that de-
sirable energy intakes for obese individuals are less than their
energy expenditure, becausewei ght lossand the establi shment of
a lower body weight is desirable for them. For underweight
individuals, on the other hand, desirable energy intakes are
greater than their energy expenditure to permit weight gain and
maintenance of a higher body weight. Thus, it seems logical to
base recommended energy intakes on the amounts needed to
maintain energy balance in adult men and women maintaining
desirable body weights, taking into account the increments in
energy expenditure elicited by their habitual level of physical
activity.

Another fundamental difference between energy and other
nutrients deserves to be noted. Body weight provides a readily
monitored indicator of the adequacy or inadequacy of habitual
energy intake in each individual, whereas a comparably obvious
and individualized indicator of inadequate or excessiveintakeis
not readily available in the case of other nutrients. There are 2
central challenges for the derivation of an energy requirement.
First, unlike in the case of other nutrients, the expenditure of
energy isdetermined individually and can be altered by changes
inbody weight and level of physical activity. Any definition of an
energy requirement, therefore, must specify the goal for setting
thereguirement. The* outcome” used by the|OM Macronutrient
Panel was the maintenance of a stable weight within a healthy
BMI range and level of physical activity consistent with long-
term good health. This constrains the whole fitting process be-
causeit definesthe (normative) datathat were used to definethe
EER. Second, aso unlikein the case of most nutrients, sustained
consumption of even small amountsof energy inexcessor below
the amounts dissipated can have consequences for health, pre-
cluding the inclusion of an extra allowance to ensure adequate
intakesfor al individuals. Thus, acorrect estimate of average or
expected individual requirementsis essential.

In principle, energy intake data from weight-stable subjects
(ie, those in energy balance) could be used to predict energy
requirementsfor weight maintenance. However, itisnow widely
recognized that the energy intakes reported in dietary surveys
underestimate usual energy intake (6). The most compelling
evidence about underreporting has come from measurements of
TEE by the DLW method (7, 8). Underreporting of food intake
can range from 10% to 45% depending on the age, sex, and body
composition of the sample (9).

Previous recommendations for energy intake (5, 10) used the
factorial method to assess TEE. This method calculates TEE
based on the basal metabolic rate (BMR) and information on the
time devoted to different activities and the energy costs of each
activity throughout a 24-h period. Thus, typical energy require-
ments for different levels of physical activity could be defined.
However, recognized problems with the factorial method
threaten thevalidity of the energy requirement predictions based
onit (11). Thefirst problemisthe accuracy of the equations used
to predict BMR. The most recent equations for predicting BMR
from weight and height were published by Schofield et al (12).
BMR datafor 7549 individuals were used to devel op prediction
equations for separate age and sex groups. 0-3 y, 10-18 v,
30-60y, and >60y. Although the Schofield equations predict
BMR reasonably well in some populations, they seem to
overestimate BMR in tropical populations by 8—10% (13, 14).
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However, other studies do not corroborate these findings (15).
Studiesof recentimmigrantsfromtropical to temperate climates
have found their BMR (kcal/kg body wt) to be that expected for
well-nourished individuals when differences in body composi-
tion are taken into account (16, 17).

The second problem with the factorial method is that a wide
range of activities are performed during normal life, and it isnot
feasibleto measuretheenergy cost of each. Another concernwith
the factorial method is that measurement of the energy costs of
specific activities itself imposes constraints (due to mechanical
impedi ments associ ated with performing an activity while wear-
ing unfamiliar equipment) that may alter the measured energy
costs of different activities. In addition, energy expenditure dur-
ing sleep, once considered to be equivalent to BMR, isgenerally
somewhat lower (—5% to —10%) than BMR (18). Last, the
factorial method does not account for the amount of energy
expended in spontaneous physical activities. Thus, the factorial
method is bound to underestimate usual energy needs (11, 19).
Most comparisons of TEE based on DLW determinations have
resulted in significantly higher measured values than those pre-
dicted by use of the factorial method (9, 11).

Because of the limitations of the factorial method and the
growing availability of DLW data, the IOM Macronutrient
Panel decided to estimate energy requirements from DLW-
derived measurements of TEE. TEE is the sum of BEE, the
thermic effect of food, physical activity, thermoregulation,
and the energy expended in synthesizing new tissues or in
producing milk.

EERs were based on measurements of TEE obtained in DLW
studies, taking into account the energy content of new body
constituents during growth and pregnancy and of the milk pro-
duced during lactation. Energy expenditures depend on sex and
age and vary primarily as a function of body size and physical
activity, both of which vary greatly between individuals.

The DLW method isarelatively new technique that measures
TEEinfree-living individuals. The DLW method wasoriginally
proposed and devel oped by Lifson for usein small animals (20,
21). It hasbeen adapted for human studiesandisextensively used
(22). Two stable-isotopic forms of water (H,20 and 2H,0) are
administered, and their disappearanceratesfrom abody fluid (ie,
urine or blood) are monitored for a period of time, optimally
equivalent to 1-3 half-lives of these isotopes (ie, 7-21 d in most
humans). The disappearance rate of 2H.,O relates to water flux,
whereasthat of H,*®0 reflectswater flux plusthe carbon dioxide
production rate because of the rapid equilibration of the body
water and bicarbonate pools by carbonic anhydrase. The differ-
ence between the 2 disappearance rates can therefore be used to
calculate the carbon dioxide production rate, and with knowl-
edge of the composition of the diet, TEE can be calculated. A
critical mass of DLW data has now accumulated over a wide
range of age groups and body sizes, so that the estimates of
energy requirements provided in the IOM report could be based
on DLW measurements of TEE. The development of the DLW
techniques and the existence of abody of DLW data on arange
of individual sgave usthe opportunity to explorehow TEE varies
with characteristicsin healthy individuals, and thereforeallowed
us to estimate individual energy expenditure when individual
characteristics are known.
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TABLE 1
Physical activity level (PAL) categories and walking equivalence®

Walking equivalence for
individuals weighing:

PAL category PAL value 44 kg 70 kg 120 kg
miles/d at 34
milesh
Sedentary 1.25(1.0-1.39)2 0 0 0
Low active 1.5(1.4-1.59) 29 22 15
Active 1.75 (1.6-1.89) 9.9 7.3 53
Very active 22(1.9-25) 225 16.7 12.3

1 Walking equivalencefor PAL valuesisin addition to the energy spent
for the generally unscheduled activities that are a part of normal daily life.
3-4miledh= 5-6.5km/h. See Table5-12inthelnstitute of Medicinereport
).

2x; range in parentheses (all such values).

THE DLW DATABASES

Published studies that included DLW measurements of TEE
wereinitialy located by using MEDLINE (National Library of
Medicine, Bethesda, MD) to identify those studies that used the
terms DLW, total energy expenditure, or both in their titles,
abstracts, or key words. Simultaneously, panel members polled
colleaguesfor other studies. Initial screening eliminated stud-
ies on disease or abnormal nutritional or activity states. In-
vestigators involved with these studies were contacted for
permission to use their raw data, specifically, data on TEE,
BMR, sex, age, height, and weight. These data were screened
to remove duplicates, physiologically impossible values, and
individuals engaged in extreme levels of physical activity
(those in the military, elite athletes, and those in astronaut
training). Thedatathemselvesandtheir sourcesaredetailedin
the IOM report (1).

Because energy expenditure obviously depends on activity
level, it was essential to take physical activity into account. The
level of physical activity is commonly described by the ratio of
TEE to BEE (TEE/BEE). This ratio is known as the physical
activity level (PAL). Describing physical activity habitsinterms
of the PAL isnot entirely satisfactory because theincrementsin
energy expenditure brought about by most physical activitiesare
directly proportional to body weight, whereas BEE is propor-
tional to body weight®®. However, PAL isaconvenient notion
and it was used in thisreport to describe and account for physical
activity habits.

Because the database contained both TEE and BEE, we could
calculate PAL for most individuals. Because of the difficulty in
estimating activity in the real world, we categorized individuals
into 4 activity classes based on their PAL and used these cate-
gories as an independent variable in our regressions. The PAL
categories were defined as sedentary (PAL =1.0to <1.4), low
active(PAL =1.4t0<1.6), active(PAL =1.6t0<1.9), and very
active (PAL =1.9 to <2.5) (Table 1). The sedentary category
was defined to include BEE, the thermic effect of food, and the
energy expended in physical activities that are required for in-
dependent living. For an adult weighing 70 kg, the low-active
category was defined to be an exertion equivalent to walking 2
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TABLE 2
Description of the normative doubly labeled water database for persons with a healthy BMI (18.5-25, in kg/m?)*
Mean
physical
Age(y) Mean weight Mean height Mean BMI Mean BEE Mean TEE activity level
kg (Ib) m (in) kg/m? kcal/d kcal/d
0-0.5(n = 116) 6.9 (15) 0.64 (25) 16.86 — 501 —
0.6-1.0(n = 72) 9.0 (20) 0.72(28) 17.20 — 713 —
1-2 (n = 132) 11.0 (24) 0.82(32) 16.19 — 869 —
Males
3-8(n = 129) 20.4 (45) 1.15 (45) 15.42 1035 1441 1.39
9-13(n = 28) 35.8(79) 1.44 (57) 17.20 1320 2079 156
14-18 (n = 10) 58.8 (130) 1.70 (67) 20.37 1729 3116 1.80
19-30 (n = 48) 71.0 (156) 1.80 (71) 22.02 1769 3081 1.74
31-50 (n = 59) 71.4 (157) 1.78 (70) 22.55 1675 3021 1.81
51-70 (n = 24) 70.0 (154) 1.74 (69) 22.95 1524 2469 1.63
=71 (n=38) 68.9 (152) 1.74 (69) 22.78 1480 2238 152
Females
3-8(n=227) 22.9 (50) 1.20 (47) 15.63 1004 1487 1.48
9-13(n = 89) 36.4(80) 1.44(57) 17.38 1186 1907 1.60
14-18 (n = 42) 54.1 (119) 1.63 (64) 20.42 1361 2302 1.69
19-30 (n = 82) 50.3 (131) 1.66 (65) 21.42 1361 2436 1.80
31-50 (n = 61) 58.6 (129) 1.64 (65) 2164 1322 2404 1.83
51-70 (n = 71) 59.1 (130) 1.63(63) 22.18 1226 2066 1.70
=71(n = 24) 54.8 (121) 1.58(62) 21.75 1183 1564 1.33

1 BEE, basal energy expenditure; TEE, total energy expenditure. Summary of datain Appendix |, Tables|-1 through I-5in the I nstitute of Medicinereport
(2). For adults (aged =19Yy), the observed BEE was used to cal cul ate the mean BEE. BEE and physical activity level were not used for infants. For children,
BEE was predicted on the basis of the following equations: girls, BEE (kcal/d) = 189 — 17.6 X age(y) + 625 X Ht (m) + 7.9 X Wt (kg); boys, BEE (kcal/d)
=68 — 43.3 X age (y) + 712 x Ht (m) + 19.2 X Wt (kg). See Table 5-10 in the Institute of Medicine report (1).

miles/d (=3 km) at arate of 3—4 miles/h (=5-6.5 km/h) or the
equivalent energy expenditure in other activities, in addition to
the activities that are part of independent living. The active cat-
egory reflected physical activities equivalent to walking some 7
miles/d (=11 km), and thevery active category wasequival ent to
walking 17 miles/d (=27 km/d), &l at the rate of 3—4 miles/h
(=5-6.5km/h). Asdescribedin chapter 12 of the|OM report (1),
these distances vary with body weight and can be substantially
reduced by walking faster or by performing other physical ac-
tivities of vigorousintensities. Retrospectively, these categories
corresponded roughly to quartilesin the database. It isimportant
to note, however, that substantial fidgeting and other spontane-
ous activities may contribute to PAL, but may not produce the
health benefits of sustained, vigorous exercise. Therefore, some
individuals may achievethelow-active category without regular
exercise.

Additionally, each individual was classified according to age,
sex, BMI status, and the physiologic state of the women, ie,
nonpregnant, nonlactating, pregnant, or lactating. A healthy BMI
range for adults was considered to be from 18.5 to 25; thisrange
corresponded to 13-21% body fat in men and 23-31% body fat
in women according to bioimpedance data on adultsin the third
National Health and Nutrition Examination Survey. Healthy
weightsintheUSpopul ation corresponded tothe 5thto 85thBMI
percentilesfor children aged 3—18 y and the 3rd to 97th weight-
for-length percentiles for children aged 02y (23).

The normative DLW database is described in Table 2. Mean
TEE, BEE, and PAL for individuals with healthy BMIs are pre-
sented by age-sex groupings. It isimportant to note that the mean
PAL wasintheactiverangefor all groupings, except for thevery
young (those aged <8y) and the elderly (those aged >71vy). In
66% of the adult men and women with BMIswithin the healthy
range of 18.5-25, PAL swere categorized aseither activeor very
active,

Althoughitisrealized that these individuals do not constitute
a representative sample of the North American population, the
data are representative of rates of energy expenditure in healthy
individualsof both sexes acrossawide range of ages, body sizes,
and lifestyles. In fact, use of a set of data representative of the
North American population would beinappropriatein establish-
ing requirements for healthy subjects given the high prevalence
of overweight and obesity and chronic diseasesin the population
at large.

DEVELOPMENT OF PREDICTIVE EQUATIONS
FOR TEE

Thedatawere examined initially (histograms of variablesand
scatter plotsof original dataand of residuals) toidentify potential
outliers, the necessity of transformations(log and quadratic were
considered), assumptions, and patterns (24). Stepwise multiple
linear regression (25) was used to identify sex, age, height, and
weight as the important variables for predicting TEE, and
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physiologic considerations suggested that the form of the best
predictive equation was nonlinear:

TEE=A+ B X age + PA X
(DXWt+EXHt) (1

where TEE isin kcal/d, ageisiny, weight (Wt) isin kg, and
height (Ht) isin m. In this equation, A is the constant term; B
is the age coefficient; PA isthe physical activity coefficient,
which depends on whether the individual isin the sedentary,
low-active, active, or very active PAL category; D is the
weight coefficient; and E is the height coefficient. In this
equation, therelativeimportance of height and weight is con-
stant for given activity levels, but the magnitude of their
combined contribution changes for different PALs. Because
of the interdependencies between the PAL constants and the
height and weight coefficients, the coefficient for the seden-
tary PAL category isset to 1.0.

The datawerefitted to this equation by using nonlinear (con-
ditional) regression with the Levenberg-Marquardt method for
searching for convergence based on minimizing the sum of re-
siduals squared. For each fit, an R-squared was cal cul ated asthe
ratio of the explained sum of squared error to the total sum of
squared error, and asymptotic standard errors of the coefficients
were calculated (26).

Initialy, age- and sex-specific equations were generated to
predict TEE for variouslifestages. Examination of thenormative
DLW database showed an initial increase of TEE with age until
about age 20y, followed by adecline, with thistransition occur-
ring laterinwomenthaninmen (seeFigure5-5inthel OM report;
1). Increased TEE isrelated to greater heights (see Figure 5-6 in
thelOM report; 1) and weights(see Figure5-7 inthel OM report;
1). For adults, TEE wasindependent of BMI inanalyses adjusted
for height. Analyses indicated that the best predictions for TEE
wereobtained by fitting all of the data separately for adults (ages
=19Yy), children and adol escents (ages 3—-18 y), and young chil-
dren (ages 02 y). Sex-specific equations were found to be un-
necessary inchildren <3y of age. Final model choicewasguided
by goodness-of-fit, distribution of residuals, consistency with
biological constraints, and compatibility between equations. (Al-
though prediction of TEE was our major objective, it was nec-
essary to estimate BMR for the children because of a large
amount of missing BMR data.)

An estimate of theimprecision of these equationswas based
on the residual error of the fits (the variability that remained
after the effects of sex, age, height, weight, and PAL category
were removed). This “SE of fit” estimates the variability of
predicted energy requirement of individuals having the same
sex, age, height, weight, and PAL category. Thisvariability is
due to our use of age to estimate maturation stage, height and
weight to estimate body size and composition, and TEE/BMR
ranges to estimate PAL classification, in addition to other
inherent biological variability and experimental errors. The
EERsrepresent the expected or average energy requirement of
individual swith certain specific characteristics. The SE of fit
represents how variable the measurements of energy require-
ment of individuals with smilar characteristics might be. To esti-
mate the true between-individua variability, it is necessary to par-
tition this observed variahility into biologica and experimental; in
light of limited data, and following the suggestion of the 1985
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TABLE 3
Physical activity coefficients used in the prediction equations for total
energy expenditure

Low Very
Sedentary active Active active
Male children 1.0 113 1.26 1.42
Female children 1.0 1.16 131 1.56
Male adults 1.0 111 1.25 1.48
Female adults 1.0 112 1.27 1.45

FAO/WHO/UNU Expert Consultation (5), we estimate values for
individual SDsthat are 70% of the observed SE of fit. (Thisfollows
the assumption that the residual varianceisequally split within and
between errors.)

THE PREDICTIVE EQUATIONS FOR TEE
The resultant predictive equations are as follows.

For 02y of age:
TEE = 89 X Wt (kg) — 100 2

For males aged 3-18y:

TEE = 88.5 — 61.9 X age (y) + PA X [26.7 X Wt (kg) +
903 X Ht (m)] (3)

For females aged 3-18 y:

TEE = 135.3 — 30.8 X age (y) + PA X [10.0 X Wt (kg) +
934 X Ht (m)] (4)

For men aged =19y:

TEE = 662 — 9.53 X age (y) + PA X [15.9 X Wt (kg) +
540 X Ht (m)] (5)

For women aged =19y:

TEE = 354 — 6.91 X age (y) + PA X [9.36 X Wt (kg) +
726 X Ht (m)] (6)

Where the physical activity factors (PA) and the respective SDs
for the equations are given in Tables 3 and 4.

TABLE 4

Estimated SDs of individual estimated energy requirements for individuals
of aspecific age, height, weight, and physical activity level category,
including a correction for within-individual variability*

Age BMI (kg/m?) Males Females
3-18y <85th percentile 58 68
3-18y =85th percentile 69 75
3-18y =3rd percentile 67 70
=19y 18.5-25 199 162
=19y >25 208 160
=19y =185 202 160

1 Notethat these SDsare measures of the statistical error about thefitted
equations and are equivalent to the SE of thefit.
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DERIVATION OF THE PHYSICAL ACTIVITY
RECOMMENDATION

The IOM physical activity recommendation was based on the
amount of activity required to raise an individual from the sed-
entary to the active PAL category. On average, 60 min of mod-
erate activity would be required to raise an individual from the
sedentary to the active PAL category. Higher-intensity activities
would require lesstime.

As noted above, the average PAL among normal-weight
adults participating in the DLW studies was 1.7, which falls
within the active PAL category. Thislevel of physical activity is
equivalent to brisk walking for 7 miles/d (=11 km/h) at 3—4
miles/h (=5-6.5 km/h) in addition to the physical activities
required for independent living. This level of physical activity
wasassoci ated with mai ntenance of body weight within ahealthy
BMI range. Although energy balanceisachievableat lower PAL
values, most individuals in the DLW studies achieved energy
balance at levels of activity energy expenditure in the active or
very active categories. Maintaining an active lifestyle provides
animportant meansfor individual sto balancefood energy intake
with energy expenditure. Attainment of energy balance in the
sedentary or low-active categories is feasible but may require
food restriction and jeopardize the intake of other essential nu-
trients.

Becausewalkingisthemost significant physical activity inthe
lives of most persons, walking was taken as the reference activ-
ity. However, the effect of other activities on the PAL can be
estimated from the following equations for men and women,
which make allowances for excess postexercise oxygen con-
sumption (the 1.15 coefficient in the equations below) and the
thermic effect of food (the division by 0.90 in the eguations
below) and the effect of body weight on metabolic equivalent
(MET) vaues (the 0.95 or 0.91 coefficients) (1, 27):

Men: APAL = (#METs — 1) X 1.34 X
(min/1440 min), where 1.34 = 1.15/0.9/0.95 (7)

Women APAL = (#METs — 1) X 1.42 X
(min/1440 min), where 1.42 = 1.15/0.9/0.91 (8)

It is apparent from these equations that less time in higher-
intensity physical activitiesisrequiredtoraiseanindividual from
thesedentary category (PAL < 1.39) totheactive category (PAL
of 1.6-1.9). Also, any physical activity, be that occupational,
recreational, intentional, or spontaneous, that raises energy ex-
penditure over basal contributesto the PAL. The PAL reflectsa
summation of all accumulated physical activity in a24-h period.

Itisalso apparent that 30 min of moderately intensive exercise
(APAL = 0.099 for walking 30 min at 4 miles/h, or ~6.5 km/h)
wouldraisethe PAL of anindividual fromthesedentary category
(PAL < 1.39) to the low-active category, but would be insuffi-
cient to raise it to the active PAL category. At least 60 min of
moderate activity isrequired toraisethe PAL from the sedentary
to the active category. Hence, the IOM recommendation for
physica activity is greater than the recommendation in the Sur-
geon Generd'’s report (SGR; 28) but similar to the Canadian
Physical Activity Guide (29).

It should also be emphasized that in developing a DLW data-
base to determine rates of energy expenditure in the healthy
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human population, no specific information on types, durations,
or intensities of physical activity was obtained. Therefore, to
portray theresultsin termsthat others could useto make specific
physical activity recommendations, the data were expressed in
PAL units. Tables12-1and 12-2inthel OM report wereintended
to be used to predict how much of particular forms of physical
activity was necessary to change the PAL. Aswell, those tables
and related figures (ie, Figures 12-2 through 12-6 in the IOM
report) show how speed of locomotion and body mass affect the
rate of energy expenditure. Many examplesweregiven for walk-
ing becausethisisacommon activity and becausetheenergy cost
of transport (ie, kcal/mile) isapproximately constant for walking
speedsin the range of 2—4 miles/h. Faster walking, jogging, and
running elicit progressively greater incrementsin energy expen-
diture. Itisto beremembered that thelOM PAL recommendation
is for daily physical activities in the amount equivalent to that
elicited by brisk walking for 60 min. The report provides exam-
ples of how that energy expenditure (ie, APAL) can be achieved
inlesstimeif anindividual engagesin activities of higher inten-
sity than brisk walking. Table 12-2 provides atemplatefor prac-
titioners to estimate daily and weekly energy expenditures of
individuals engaged in various forms and durations of physical
exercise plus routine physical activity (1). Moreover, although
not grounded on the DLW database, the IOM report makes ex-
tensive reference to experimental studies showing that physical
activities of greater intensity than walking result in more exten-
sive physiologic and biochemical adaptationsthan does custom-
ary walking.

Note also that the mean PALs obtained by using DLW for
healthy (BMI: 18.5-25) and overweight (BMI > 25) adult
groups both approximated 1.7. The relatively high PALs ob-
served among the overweight and obese subjects in the DLW
database may be in part because walking and many other activ-
itiesof daily liferaisethe PAL morerapidly (ie, inlesstime) in
overweight and obese subjects than in normal-weight subjects.
Increments in energy expenditure induced by weight-bearing
activities are proportiona to total body mass, whereas BEE is
related to lean body mass (see Figures 12-3 and 12-4 in the IOM
report; 1). The IOM report did not make dietary and physical
activity recommendationsfor overweight and obeseindividuals,
because that was not in the charge given to the panel. However,
the TEE dataareavailable(see Appendix | of thel OM report) and
should be useful to othersin deriving such recommendations.

BIOLOGICAL PLAUSIBILITY AND THE IMPORTANCE
OF A PHYSICAL ACTIVITY RECOMMENDATION

The evolutionary history of the human race has been one in
which physical activity played amajor rolein biological success.
Even as the epidemic of obesity grows in our contemporary
society (30), increasing evidence emerges that physical activity
is necessary for the growth, development, and maintenance of
physiologic function of numerous tissues, cells and cell or-
ganelles, and signaling pathways. It has long been obvious that
regular physical activity and physical training increase muscle
mass and decrease body fat mass (31). Similarly, evidence is
growing that inadequate amounts and intensities of physical ac-
tivity lead to atrophy and dysfunction of cells and cell systems.
Much of the epidemiologic data showing the role of physical
activity in lessening the incidence and severity of chronic dis-
eases (eg, coronary heart disease, type 2 diabetes, and some
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forms of cancer) are to be found in the 1996 Report of the
Surgeon General (28). More recent epidemiologic reports and
thewealth of information derived from clinical and experimental
studies are cited in the IOM report (see Table 12-7; 1) and in
recent reviews (32, 33). Simply, there does not seem to be an
organ system, cell, or tissue—from bonesin thelower limbs(34)
togrowthfactorsinthebrain (35, 36)—that doesnot benefit from
an appropriate amount and quality of physical activity.

Several consensus statement reports and reviews have sum-
marized the vast literature supporting the benefits of physical
activity on health promotion and disease prevention and treat-
ment (1, 28, 32, 33, 37). Briefly, regular physical activity has
major effects on glucose tolerance and insulin action by increas-
ing expression of theglucosetransporter isoform4 (GLUT4) and
the tranglocation of GLUT4 proteins to the muscle cell surface,
wherethey facilitate glucose clearance and metabolism (38, 39).
Similarly, regular physical activity promotes lipid tolerance,
which means lowering basal concentrations of plasmatriacylg-
lycerols and lipoproteins as well as dampening the responses to
high-fat meals (40). These adaptive changes are likely attribut-
abletoincreasesin muscle capillarity, the expression of lipopro-
tein lipase, muscle fatty acid transporters, and an elaboration of
the muscle mitochondrial reticulum where fatty acids are oxi-
dized (41).

Regular physical activity promotesvigor, mood, and ageneral
senseof well-being (36). Part of thisjoiedevivremay befromthe
induction of endorphins (endogenous opioids) or the expression
of neural growth factors (35), but exercise also lowers the level
of anxiety, perhaps by decreasing sympathetic nervous system
activity (36) and by enhancing the ability to clear lactic acid,
which is produced in response to sympathetic stimulation of
glycolytic metabolism (42, 43).

Physical exercise haslong been known to enhance cardiovas-
cular and metabolic capacity (44), and the molecular mecha-
nismsresponsiblefor these effectsare now being el ucidated. For
instance, the positive effect of regular physical activity for man-
aging intermittent claudication (45) is likely because exercise
promotesthe endothelial function of blood vesselsby increasing
the expression of endothelial nitric oxide synthase and extracel -
lular superoxide dismutase (46, 47).

Given the beneficial effects of physical activity in promoting
the function of organ systems, cells, and cell signaling systems,
it is not surprising that changing behavior through dietary and
physical activity intervention can be as or more effective than
drugs for retarding the development of type 2 diabetes (48).
Similarly, it should not be surprising that physical inactivity isas
much arisk factor ashypertension or cigarette smoking, whereas
exercise training reduces mortality from coronary heart disease,
regardless of preexisting disease (49-51). That those who are
physically active have reduced risks of colon, breast, and possi-
bly other forms of cancer (52-55) may be attributable to in-
creased gastrointestinal motility and excretion of mitogens and
carcinogens, increased turnover of body lipid depots, and the
overall enhanced immunovigilance that accrues with physical
activitiesof theform, intensity, and duration recommendedinthe
IOM report (Chapter 12 in reference 1). Hence, aphysical activ-
ity recommendation among di etary macronutrient recommenda-
tions has importance far beyond its effects on energy turnover
and energy balance.
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BROADENING OF DIETARY COMPOSITION
RECOMMENDATIONS: THE ACCEPTABLE
MACRONUTRIENT DISTRIBUTION RANGES

Realizing fromtheanalysisof the DLW databasethat men and
women could maintain BMIs in the healthy range over a broad
range of energy expenditures, the panel found new flexibility in
making dietary recommendations. Theuseof physical activity to
manipulate energy expenditure means, in some cases, that the
recommendationfor dietary energy intake canbeincreased. Both
statementsimply that using physical activity to raisethe level of
energy expenditure means that a person needs to eat more to
maintain his or her body weight. Notably, physical activity is
important for managing body weight by both older and small
persons who might miss key micronutrients when consuming
restrictive diets. Further, physical activity results in the above-
mentioned anabolic and regul atory processesin skeletal muscle,
develops cardiovascular system improvements, improves blood
lipoprotein profiles in older adults, and leads to increased ex-
pression of many beneficial enzymes and enzyme systems in
diverse organs and organ systems from bones and muscles to
brain. The adaptations to physical activity and exercise are im-
portant for children, the aged, and people in general.

Under the basic premise that dietary energy intake balances
energy expenditure, recommendations for dietary composition
could be relaxed. To this effect, a new concept, the acceptable
macronutrient distribution ranges (carbohydrate: 45—-65% of en-
ergy, fat: 20-35% of energy, and protein: 10—-35% of energy),
was developed. The IOM report contains separate chapters jus-
tifying these acceptable macronutrient distribution ranges and
the recommended dietary allowances for protein and particular
classesof essential amino and fatty acids. A recommendation for
an adequate fiber intake was al so presented, and theneed to limit
consumption of cholesterol, trans fatty acids, saturated fatty ac-
ids, and total fat was emphasized (1).

THE IOM PHYSICAL ACTIVITY RECOMMENDATION
COMPARED WITH ACTIVITY RECOMMENDATIONS
OF OTHER ORGANIZATIONS

Thelandmark SGR Physical Activity and Health (28) clearly
articulated and justified the use physical activity as a disease
prevention modality. The impetus of the physical activity rec-
ommendation in the SGR was such that diverse organizations
including the Centersfor Disease Control and Prevention and the
American College of Sports Medicine adopted a 30-min/d base-
line physical activity standard. Thus, it wasalogical step for the
IOM Macronutrient Panel to attempt to combine dietary and
physical activity considerationsin defining human energy needs.
Regrettably, although the recommendation to maintain an active
PAL (ie, inthe 1.6—1.9range) isinfact consistent with that in the
SGR and with other recent recommendations (Table 5), the
physical activity recommendation in the |[OM macronutrient re-
port has been widely misunderstood and criticized. Comparison
of the IOM physical activity recommendation with other recent
recommendations reveals generally good agreement.

Specifically, recommendation 3 in Chapter 2 of the SGR (28)
states: “Recommendations from experts agree that for better
health, physical activity should beperformedregularly. Themost
recent recommendations advise people of al agestoincludeamin-
imum of 30 minutesof physical activity of moderateintensity (such
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TABLE 5
Comparison of physical activity level (PAL) and dietary energy intake
recommendations of different panels offering recommendations®

Report PAL Walking equivalence Dietary energy
min/d
SGR >30 (more and more
vigorous are
— better) No recommendation

|IOM 16-17 60 Balance

WHO 1.75 — Balance

IASO 17 45-60 Balance

1 SGR, Surgeon General’ s report (28); IOM, Institute of Medicine (1);
WHO, World Health Organization (3); IASO, International Association for
the study of Obesity (56).

as brisk walking) on most, if not al, days of the week. It is dso
acknowledged that for most people, grester health benefits can be
obtained by engagingin physical activity of morevigorousintensity
or of longer duration.”

Our interpretation is that the IOM and SGR physical activity
recommendations, the former based on quantitative energetics
and the later on epidemiologic data, are entirely consistent. The
SGR isto be credited for showing with epidemiologic data that
daily physical activity reduces the risk of chronic disease. The
|OM recommendation contributesthe advantage of being ableto
usequantitativedataon energy turnover basedon DLW data. The
values given in the SGR (Table 4-10 in reference 28) and in the
IOM report (Figure 12-2 in reference 1) to describe the energy
expenditure associated with various physical activities are con-
sistent. Themain difference between the 2 reportsisthat the|OM
report attempts to also take into account evidence about the
amount of physical activity associated with the maintenance of a
normal body weight or healthy BMI.

Health Canada s Physical Activity Guide (29) states: “ Scien-
tists say accumulate 60 minutes of physical activity every day to
stay healthy and improve health.” The guide goeson to state that
“the time needed (in activity) depends on effort: Light Effort
(e.g., light walking, volleyball) 60 minutes; Moderate Effort
(e.g., brisk walking, swimming) 30—60 minutes; Vigorous Ef-
fort (e.g., jogging, hockey) 20—30 minutes.” Aswell, the Phys-
ical Activity Guide recommends endurance (4—7 d/wk), flexi-
bility (4—7 d/wk), and strength-conditioning activities (2—4
d/wk). Thus, the exercise recommendations in Canada’ s Physi-
cal Activity Guide are consistent with, if not more comprehen-
sive than, those in the IOM report.

Page 124 of the World Heal th Organi zation technical report on
obesity (3) states. “ Analysesof over 40 national physical activity
studies worldwide show that there is a significant relationship
between the average BMI of adult men and their PAL, with the
likelihood of becoming overweight being substantially reduced
at PALsof 1.8, or above. Therelationship for women, though not
statistically significant, is similar, but their physical activity
tendsto be lower (mean PAL 1.6). It has been suggested, there-
fore, that people should remain physically active throughout life
and sustain a PAL of 1.75 or more to avoid excessive weight
gain.” The physica activity recommendation in the World
Health Organization technical report istherefore also consistent
with the IOM report.

Finally, theInternational Association for the Study of Obesity
(IASO) convened an expert panel to evaluate datafrom avariety
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of sourcesto assessthe amounts of physical activity necessary to
maintai n healthy body weightsor reduce unnecessary body fatin
adults. The IASO panel reached avery similar conclusion about
the amount of physical activity necessary to prevent weight gain
inadult populations (56). Initssummary, the | ASO report states:

“The current physical activity guideline for adults of ~30
minutes of moderate intensity activity daily, preferably all days
of the week, is of importance for limiting health risks for a
number of chronic diseasesincluding coronary heart disease and
diabetes. However for preventing weight gain or regain this
guidelineislikely to beinsufficient for many individualsin the
current environment. Thereis compelling evidence that preven-
tion of weight regain in formerly obese individuals requires
60—90 minutes of moderate intensity activity or lesser amounts
of vigorousintensity activity. Although definitive data are lack-
ing, it seems likely that moderate intensity activity of approxi-
mately 45 to ~60 minutesper day, or 1.7 PAL (Physical Activity
Level) is required to prevent the transition to overweight or
obesity. For children, even more activity timeisrecommended.”

LIMITATIONS TO THE USE OF DLW DATA TO
MAKE THE PHYSICAL ACTIVITY
RECOMMENDATION FOR THE POPULATION

For the first time, DLW data were used to make quantitative
estimatesof daily energy expenditurefor healthy individualsand
to derive corresponding physical activity recommendations. Ob-
viously, there are limitations to this and any new approach. Al-
though we have already noted that the data in Appendixes I-1
through I-5 of the IOM report are not representative of the North
American population, there can belittle doubt that the DLW data
available reflect the range of energy expenditures prevailing in
healthy individuals of both sexes across a wide range of ages,
body sizes, and lifestyles. The data are cross-sectional and their
interpretation involved the assumption that the subjects were in
approximate energy balance at the time of the measurement,
although little is known about participant histories prestudy or
what happened to them subsequently. Further, it was assumed
that individuals in apparent energy balance at the time of the
DLW study would remain in balance given constant dietary and
physical activity habits; evidence derived from long-term longi-
tudinal studieswill needto beacquiredtojustify that assumption.
Given these and other limitations, to complement currently avail-
able information, data were provided in an open format so that the
database can be expanded with the results of future investigations.

Although it is clear from our analysis that 30 min/d of accu-
mulated physical activity of mild to moderate intensity is un-
likely to prevent excessiveweight gains, thereisno certainty that
our recommendation of 60 min/d will be optimal to prevent
weight gainin most individuals. Again, our results (Table 2) are
that two-thirds of the participantsin the study population with a
desirable BMI had PALs > 1.6, and therefore expended =60
min/d in moderate activities or the equivalent. This level of
physical activity associated with ahealthy BMI isconsistent with
dataemerging on the level of physical activity necessary to pro-
mote weight loss or prevent regain. Previous (57) and recent
reports, such asthat of Jeffery et a (58), show that moreand more
vigorous physical activity (eg, 2500 kcal/wk) is necessary to
promote long-term weight |oss than the conventional (eg, 1000
kcal/wk) recommendation. Because the lifestyles and life situa-
tions of many individuals may preclude them from accruing the
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equivalent of =60 min of daily accumulated physical activity,
and because there isagrowing need for many individualsin the
population to reduce body fat, it remains fundamental that both
energy intakeand expenditurebeconsideredfor therealization of
long-term body weight management and related health goals.

The IOM report provides extensive equations, figures, and
tables of how to predict the impact on the PAL and APAL of
various forms and durations of physical activity, the PAL being
roughly equivalent to an amount of accumulated physical activ-
ity that need not be accomplished in a single session but that
could bedistributed among the waking hours. This approach has
the advantage of explaining how the physical activity recom-
mendation can beincorporated into thelivesof most individuals.
Still, like most reports making physical activity recommenda-
tions, thel OM report lacks specificity regarding theeffectsof the
intensity of physical activity on physiologic outcomes. Letter
carriers and Olympic as well as senior middle distance runners
are physically active, but, typicaly, postal workers, clerks, and
others are active at low intensities for hours during the day,
whereas athletes commonly train hard during peak intervalsand
may or may not be physically active therest of the day. Implicit
in the reports cited to establish plausibility for including a phys-
ical activity recommendation among dietary recommendationsis
the factor of exercise intensity in affecting changes in the ex-
pression of metabolic and structural enzymes and regulatory
factors. Cognizant of the benefits of vigorousexercisein shaping
body structuresand metabolic processes, the SGR recommended
aminimum of 30 min of physical activity of moderate intensity
on most, if not al, days of the week. But the SGR al so asserted
that greater health benefits can be obtained by engaging in more
vigorousphysical activitiesof greater duration. In converting the
DLW-derived metabolic data to PAL and APAL values, the
authors of the |IOM report also described how different exercise
modes could equateto a PAL of 1.6—1.7 in <60 min of physical
activity per day. Still, like the SGR and other recommendations,
the |OM report isunable to identify ideal forms, intensities, and
durations of physical activity appropriate to positively affect the
mortality or morbidity of chronic diseases.

CONCLUSIONS

Using epidemiologic, clinical, and laboratory methods, differ-
ent expert committeeshaveindependently arrived at similar con-
clusions about the need for physical activity in daily life. The
IOM Macronutrient Panel made a physical activity recommen-
dation along with dietary recommendations; the physical activity
recommendation was based on independent analysisand proved
to be consistent with the conclusions of other expert panels. The
most recent IOM report is, in fact, consistent with previous re-
portsof the Food and Nutrition Board and the National Research
Council that acknowledged the healthful effects of physical ac-
tivity and the utility of physical activity for balancing energy
intake and expenditure. To reiterate from the Introduction, the
most recent |OM report isdistinguished by itsreliance on studies
using DLW technology to estimate energy expenditurein healthy
childrenand adultsand itsuse of DLW-derived estimatesof TEE
to make dietary energy recommendations. The results are that
healthy children and adultsmaintain BMIsinthefavorablerange
over awide range of daily energy expenditures. The panel’s con-
clusionisthat theminima amount of accumulated physicd activity
generaly recommended to achieve a degree of protection from
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chronic diseases (ie, 30 min/d) is insufficient for most persons to
maintain body weight inthedesirableBMI range (from 18.5to <25
kg/m?). The equivaent of 60 min of accumulated physical activity
each day isrequired for most persons to prevent undesirable body
fat accretion. Therecommendationsof thelOM panel acknowledge
the interrel atedness of prudent dietary and physical activity habits
asintrinsic to recommendationsfor hedthful living. The authors of
the |OM Macronutrient Report acknowledge the limitations of the
recommendation for physica activity sufficient to balance energy
expenditure and intake, but emphasize that the physical activity
recommendation needs to be considered among other dietary rec-
ommendations in the report as well as the long-recognized neces-
sity to manage dietary energy and macronutrient input to achieve
long-term energy balance. Our concerted effort should beonimple-
mentation of the |IOM macronutrient and physica activity recom-
mendations to promote the genera well-being and reverse the
trends of obesity and related chronic diseasesin the US and Cana-
dian populations. & |
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