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Summary
Purpose:  The  purpose  of  this  study  was  to  examine  differences  in  total  daily  energy
expenditure  (TDEE),  energy  expenditure  in  various  intensities,  as  well  as  total  daily
energy  intake  (TDEI)  and  diet  quality  in  normal  weight,  overweight  and  obese  men
and  women.  Further,  the  association  of  energy  expenditure  and  energy  intake  with
body  fatness  was  examined.
Methods:  The  cross-sectional  analysis  included  430  adults  (27.7  ±  3.8  years;  49.3%
male).  Body  weight  and  height  were  measured  according  to  standard  procedures  and
percent  body  fat  (BF)  was  assessed  via  dual  X-ray  absorptiometry.  Energy  expendi-
ture  was  determined  via  the  SenseWear  Armband.  Energy  intake  and  the  Healthy
Eating  Index  (HEI)  were  calculated  based  on  multiple  24-h  recalls.

Results:  Weight  adjusted  TDEI  and  TDEE  were  significantly  lower  in  overweight
and  obese  adults  compared  to  their  normal  weight  peers  (p  <  0.001)  and  obese
women  had  a  lower  HEI  (p  =  0.006).  Overweight  and  obese  adults  further  dis-

played  a  higher  proportion  of  energy  expenditure  spent  in  sedentary  and  in  light
activities  (p  <  0.001),  while  the  proportion  of  energy  expenditure  in  moderate-to-
vigorous  physical  activity  (MVPA)  was  lower  compared  to  their  normal  weight  peers
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Energy  balance  in  normal  weight,  overweight  and  obese
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ixty-nine  percent  of  adults  in  the  U.S.  are  con-
idered to  be  overweight,  including  36%  who  are
bese  [1]. These  prevalence  rates  reflect  a  pro-
ressive  upward  shift  in  the  distribution  of  BMI
cross all  populations.  Excess  body  weight  has  been
ssociated  with  an  increased  risk  for  chronic  dis-
ases including  cardiovascular  disease,  diabetes,
any  forms  of  cancer,  and  numerous  musculoskele-

al problems  [2,3].  Further,  it  puts  a  significant
conomic burden  on  the  society  by  contributing  to
ignificant  medical  costs  [4,5].

An  imbalance  between  energy  intake  and  energy
xpenditure is  the  primary  etiologic  factor  for  the
evelopment  of  overweight  and  obesity.  The  regu-
ation  of  energy  balance,  however,  does  not  occur
n a  daily  basis  and  relatively  small  discrepancies
etween energy  intake  and  energy  expenditure  can
ave profound  long-term  effects  on  body  weight
nd body  composition  [6].  While  there  is  a  genetic
omponent to  the  accumulation  of  excess  weight,
nvironmental  and  behavioural  changes  have  been
uggested  as  the  predominant  contributor  to  the
besity  epidemic  [7].

Throughout  the  last  decades  there  has  been  a
ecline  in  energy  expenditure  in  various  aspects
f daily  living  [8,9]  along  with  a  change  in  dietary
ntake [10]. Despite  a  considerable  amount  of
esearch  on  the  regulation  of  energy  balance  there
emains  little  information  on  differences  in  pat-
erns  of  energy  expenditure  and  dietary  intake
n normal  weight,  overweight  and  obese  adults
nd on  potential  differences  in  the  regulation  of
nergy balance  in  different  weight  categories.  A
etter understanding  of  how  energy  balance  is
chieved  at  different  body  weights  could  help  in
he development,  implementation  and  evaluation
f intervention  programmes  focusing  on  weight
oss and  weight  maintenance,  and  more  impor-

antly on  prevention  of  weight  gain  in  the  first
lace.

Several studies  have  examined  the  association
etween time  spent  at  different  intensities  of
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ationship  between  BMI  or  BF  and  MVPA  was  stronger
n  between  BMI  or  BF  and  the  proportion  of  energy

ht  pursuits  (rMPA =  −0.45  to  −0.67/rMVPA =  −0.51  to  −0.66
ht =  0.36  to  0.47;  p  <  0.001).
emphasise  the  importance  of  MPA  and  bouts  of  MVPA
f  a  normal  body  weight.
ciation  for  the  Study  of  Obesity.  Published  by  Elsevier

hysical  activity  (PA)  and  BMI  [11—16].  These  stud-
es showed  an  inverse  association  between  time
pent in  moderate-to-vigorous  physical  activity
MVPA) while  the  association  between  time  spent
edentary  or  in  light  activity  and  BMI  was  less  con-
istent  and  differed  for  men  and  women  [12,14,16].
t has  also  been  suggested  that  45—60  min  of  MVPA
er day  are  necessary  to  prevent  a normal  weight
erson from  becoming  overweight  or  obese  [17].
ody weight  and  body  composition,  however,  are
etermined  by  the  balance  of  energy  expenditure
nd energy  intake  rather  than  time  spent  in  differ-
nt intensities  of  PA.  The  present  study,  therefore,
nvestigates potential  differences  in  energy  expen-
iture  and  energy  intake  among  adults  in  different
eight  categories.  Specifically,  the  purpose  of  this

tudy was  to  examine  differences  in  total  daily
nergy expenditure  (TDEE)  and  the  proportion  of
nergy expenditure  in  sedentary,  light  and  MVPA  as
ell as  total  daily  energy  intake  (TDEI)  and  diet
uality  in  normal  weight,  overweight  and  obese
en  and  women.  Further,  the  association  between
ody fat  percentage  and  these  correlates  of  energy
alance  was  examined.

ethods

tudy design

he  present  analyses  were  performed  using  base-
ine data  from  a large  observational  study  of
rimary and  secondary  determinants  of  weight
hange. The  energy  balance  study’s  extensive
ethodology and  demographics  have  been  pub-

ished previously  [18]. Briefly,  430  (49.3%  male)
ealthy  adults  aged  21—35  years  with  a  BMI  of
0—35 kg/m2 provided  baseline  data.  The  age  dis-
ribution  of  the  participants  included  an  evenly
istributed range  of  young  adults  to  early  middle
ge.
Exclusion criteria  were  designed  to  select  a
road group  of  healthy  individuals  with  no  major
cute  or  chronic  conditions  who  had  not  made  any
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large  changes  in  health  behaviours  in  the  previous
months. Exclusion  criteria  also  included  pregnancy
in the  previous  12  months  and  planned  births.  In
addition,  due  to  concern  over  potential  changes
in body  water  and  appetite,  women  who  planned
on changing  their  use  of  contraceptive  medications
during the  study  were  excluded.  The  study  protocol
was approved  by  the  University  of  South  Carolina
Institutional Review  Board  and  is  in  accordance  with
the declaration  of  Helsinki.

All  measurements  were  obtained  by  trained  and
certified  research  staff.  Three  baseline  sessions
were attended  with  measurements  distributed
over the  sessions.  Further,  participants  completed
an extensive  medical  history  and  demographic
information  form,  as  well  as  activity  recall  ques-
tionnaires.

Anthropometrics and body composition

Height  (cm)  and  weight  (kg)  were  measured  using
standard  laboratory  procedures  with  participants
in surgical  scrubs  after  an  overnight  fast.  Height
was measured  to  the  nearest  0.1  cm  using  a wall-
mounted  stadiometer  (Model  S100,  Ayrton  Corp.,
Prior Lake,  MN,  USA)  and  weight  was  measured
to the  nearest  0.1  kg  using  an  electronic  scale
(Healthometer® model  500KL,  McCook,  IL,  USA).
The average  of  3  measurements  was  used  to  cal-
culate BMI  (kg/m2),  which  was  subsequently  used
to differentiate  between  normal  weight  (BMI  < 25),
overweight  (25  ≥  BMI  <  30)  and  obese  (BMI  ≥  30)  par-
ticipants.

Body composition  was  determined  via  dual  X-ray
absorptiometry  (DXA;  GE  Healthcare  Lunar  model
8743, Waukesha,  WI).  Total  fat  and  lean  tissue  mass,
as well  as  torso,  arm  and  leg  tissue  composition
were recorded.  Percent  body  fat  was  calculated  as
the DXA-reported  fat  mass  divided  by  total  body
weight.

Energy intake and diet quality

Dietary  intake  was  assessed  via  multiple  24-h  diet
recalls (24HR),  which  has  been  recommended  as  a
viable assessment  tool  for  dietary  intake  in  a free
living population  [19]. Up  to  three  24HR,  including
weekdays  and  weekend  days,  were  administered
over the  phone  by  a  team  of  experienced  registered
dieticians over  a  period  of  14  days.  Participants
were given  a  validated  2-dimensional  food  portion
visual  [20]  and  received  10—15  min  of  training  on

how to  use  it  to  estimate  portion  sizes  of  com-
monly eaten  foods  prior  to  the  24HR.  Dietary
data were  analysed  using  the  Nutrient  Data  Sys-
tem for  Research  software  (NDSR  Version2012;
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utrition  Coordinating  Center,  University  of  Min-
esota, Minneapolis,  MN,  USA).  In  order  to  be
ncluded  in  the  analysis  at  least  two  24HR  needed
e completed.  Average  values  were  used  to  calcu-
ate total  daily  energy  intake  (TDEI)  and  the  Healthy
ating  Index  2010  (HEI-2010),  which  assesses  con-
ormance  of  reported  dietary  intake  with  current
ecommendations  [21].  The  HEI-2010  provides  a sin-
le score  between  0  and  100,  with  higher  scores
ndicating better  diet  quality.

nergy expenditure

otal  daily  energy  expenditure  (TDEE)  and  energy
xpenditure  at  different  intensities  of  PA  was
ssessed with  the  SenseWear  Mini  Armband
BodyMedia Inc.,  Pittsburgh,  PA).  The  armband
ses minute-by-minute  measurements  of  tri-axial
ccelerometry,  galvanic  skin  response,  skin  tem-
erature,  heat  flux,  and  near  body  temperature
o estimate  energy  expenditure  using  propri-
tary regression  models  (Version  7.0  professional).
he armband  has  been  shown  to  provide  accu-
ate estimates  of  total  daily  energy  expenditure
nd energy  expenditure  at  various  intensities
n free-living  adults  [22—24].  Participants  were
sked  to  wear  the  armbands  continuously  over

 period  of  10  days,  except  when  armbands
ould be  getting  wet  such  as  when  participants
ere bathing/showering/swimming.  Compliance
as defined  as  seven  days  of  wear  (including  two
eekend days)  during  the  10-day  measurement
eriod with  at  least  21  h  of  verifiable  time  on  each
f the  days.  When  the  armband  was  not  on-body
articipants recorded  their  activities  in  a  log  that
as provided  to  the  investigators.  The  investiga-

ors then  matched  these  periods  of  non-wear  time
o metabolic  equivalents  (METs)  of  these  activi-
ies based  on  the  2011  Compendium  of  Physical
ctivities [25]. These  METs  were  then  multiplied
y the  participant’s  resting  metabolic  rate  (RMR)
o compute  energy  expenditure  for  the  time  when
he armband  was  not  worn.  The  measurement
f RMR  was  conducted  using  indirect  calorimetry
True One  2400,  Parvo  Medics,  Sandy,  UT)  with
articipants  reporting  to  the  laboratory  in  the
orning  after  a 12-h  fast  and  24  h  abstention  from

xercise.
Minute-by-minute  data  were  subsequently  clas-

ified into  categories  of  non-sleeping  sedentary
ehaviour (sedentary  <  1.5  METs),  light  PA  (1.5—2.9
ETs),  moderate  PA  (MPA,  3.0—5.9  METs),  vigorous

A (VPA,  ≥6.0  METs)  and  bouts  of  at  least  10  min
f uninterrupted  MVPA  (≥3.0  METs).  In  addition
o absolute  energy  expenditure  in  the  respective
ntensities, the  proportion  of energy  expenditure
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n  these  PA  intensities  was  calculated  by  dividing
he energy  expenditure  in  these  categories  by  TDEE
xcluding  sleep  to  account  for  differences  in  energy
xpenditure  due  to  differences  in  body  weight  and
ody composition.

tatistical analyses

ean  differences  among  weight  categories  were
xamined  via  2-way  (sex  by  weight  category)
NOVA. As  there  were  no  significant  interaction
ffects between  sex  and  weight  category  subse-
uent analyses  were  carried  out  separately  for
en and  women  using  Bonferroni  adjustment  for
ost hoc  tests.  Pearson’s  correlations  were  used  to
etermine  the  relationships  between  BMI  or  body
atness  of  women  and  men  and  potential  determi-
ants of  energy  balance  including  TDEI/kg,  TDEE/kg
nd the  proportion  of  energy  expenditure  at  dif-
erent  intensities.  The  strength  of  the  relationship
as defined,  for  positive  and  negative  trends,  as

trong (r  >  0.5),  moderate  (0.5  ≤  r ≤  0.3),  or  weak
0.3 <  r  < 0.1)  [26].  As  not  all  participants  provided
omplete or  valid  data  for  energy  intake  and  energy
xpenditure,  sample  size  varies  for  different  anal-
ses. All  analyses  were  carried  out  with  SPSS® 21.0
SPSS  Inc.,  Chicago,  IL,  USA)  with  a  significance
evel of  ˛  =  0.05  using  Bonferroni  adjustment  for
ultiple  comparisons.

esults

ean  age  of  the  participants  was  27.7  ±  3.8  years.
he racial/ethnic  makeup  of  the  group  was  pre-
ominantly white  (66.5%)  followed  by  black  (12.6%)
nd Asian  (10.7%).  An  extensive  description  of  the
emographic  composition  of  the  subjects  has  been
eported  previously  [18].

nthropometric measurements

he  average  height  and  weight  of  the  participants
ere 171.7  ±  9.5  cm  and  75.1  ±  14.0  kg,  resulting  in
n average  BMI  of  25.6  ±  3.9.  Descriptive  character-
stics stratified  by  sex  and  standard  BMI  categories
re shown  in  Table  1.  For  both  women  and  men,
he majority  of  participants  fell  within  the  normal
MI category  with  the  fewest  participants  in  the
bese category.  Overweight  participants  were  on

verage 1.2  years  older  than  their  normal  weight
eers (p  =  0.009)  but  the  age  difference  between
eight categories  remained  only  significant  in  men
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Average  percent  body  fat  was  35.0  ±  8.1  for
women and  20.9  ±  8.4  for  men  with  lean  mass  total-
ing 41.4  ±  5.6  kg  and  60.9  ±  8.1  kg  for  women  and
men, respectively.  The  statistical  difference  among
body fat  percent  of  both  women  and  men  and  across
weight categories  was  highly  significant  (p  <  0.001).

Energy intake and diet quality

Table  2 describes  the  daily  intake  of  kcal  by
sex and  BMI  category.  Absolute  TDEI  (kcal/day)
ranged from  1094  to  2746,  1111  to  2882  and
1055 to  2487  kcal  in  normal,  overweight  and  obese
women, respectively.  TDEI  for  normal  weight,
overweight and  obese  men  ranged  from  1319  to
3789, 1365  to  3936  and  1317  to  4091,  respec-
tively. While  there  was  no  difference  in  absolute
TDEI between  normal  weight,  overweight  and
obese participants,  a  significantly  higher  rela-
tive TDEI  (kcal/kg/day)  was  observed  in  normal
weight participants  compared  to  their  overweight
and obese  peers  (Fwomen(2,  209)  =  36.83,  p  <  0.001;
Fmen(2,  200)  =  15.27,  p  < 0.001).  Obese  women  fur-
ther displayed  a  significantly  lower  HEI-2010  score
compared  to  their  peers  (F(2,  209)  = 5.15,  p  =  0.007)
while  there  was  no  difference  in  HEI-2010  scores  in
men.

Energy expenditure

Energy  expenditure  stratified  by  sex  and  BMI  cat-
egory is  also  shown  in  Table  2.  For  women,  TDEE
ranged from  1714  to  3260,  1944  to  3307  and  2145  to
3241 kcal  for  normal,  overweight  and  obese  BMI  cat-
egories respectively.  Energy  expenditure  for  the  BMI
categories  of  normal,  overweight  and  obese  for  men
ranged from  2233  to  4049,  2275  to  4425  and  2815  to
3831 respectively.  Absolute  TDEE  (kcal/day)  of  nor-
mal and  overweight  men  were  not  different  while
they were  both  lower  than  the  TDEE  of  obese  men
(F(2,  202)  =  7.74,  p  = 0.001).  In  women  there  was
no difference  in  absolute  TDEE  between  overweight
and obese,  but  both  groups  had  higher  TDEE  than
normal  weight  women  (F(2,  210)  =  21.36,  p  <  0.001).
Relative  TDEE  (kcal/kg/day),  on  the  other  hand,
differed  significantly  across  all  groups  with  lower
weight adjusted  energy  expenditure  with  increas-
ing BMI  in  men  and  women  (Fmen(2,  202)  =  42.49,
p <  0.001;  Fwomen(2,  210)  =  64.78,  p  <  0.001).

Examining  differences  in  energy  by  inten-
sity, showed  an  increase  in  energy  expenditure
in sedentary  time  with  increasing  BMI  (Fmen(2,

202) =  53.63,  p  <  0.001;  Fwomen(2,  210)  =  93.32,
p <  0.001)  (Table  3).  Overweight  and  obese  partic-
ipants also  showed  higher  energy  expenditure  in
light activities  compared  to  their  normal  weight Ta
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eers  (Fmen(2,  202)  = 33.31,  p  <  0.001;  Fwomen(2,
10) = 30.27,  p <  0.001),  while  energy  expendi-
ure in  bouts  of  MVPA  decreased  with  increasing
ody weight  (Fmen(2,  202)  = 14.30,  p <  0.001;
women(2,  210)  =  16.36,  p <  0.001).  Differences
ere more  pronounced  for  energy  expenditure

n moderate  PA  (Fmen(2,  202)  =  13.18,  p  <  0.001;
women(2,  210)  =  14.72,  p <  0.001)  with  significant
ifferences  in  vigorous  PA  being  only  observed
n men  (Fmen(2,  202)  =  5.45,  p  < 0.001;  Fwomen(2,
10) = 2.73,  p =  0.07).

Accordingly,  the  proportion  of  energy  expen-
iture in  MPA  differed  significantly  across  weight
ategories in  both  men  and  women  (Fmen(2,
02) = 33.16,  p <  0.001;  Fwomen(2,  210)  =  36.73,

 <  0.001)  (Table  3).  Obese  participants  also  dis-
layed  a significantly  lower  proportion  of  energy
xpenditure in  vigorous  PA  but  there  was  no
ifference between  normal  weight  and  over-
eight participants  (Fmen(2,  202)  =  6.35,  p =  0.002;

women(2,  210)  =  4.10,  p  = 0.018).  The  proportion
f energy  expenditure  in  bouts  of  MVPA  decreased
ith increasing  BMI  in  men  (F(2,  202)  = 37.02,

 <  0.001).  In  women,  no  difference  in  the  rate
f energy  expenditure  in  bouts  of  MVPA  was
bserved between  overweight  and  obese,  but
oth groups  displayed  lower  values  than  their
ormal weight  peers  (F(2,  210)  = 38.04,  p  <  0.001).
he contribution  to  TDEE  in  light  activities  was
ignificantly increased  with  increasing  BMI  in
en (F(2,  202)  =  26.64,  p <  0.001).  Normal  weight
omen had  a significantly  lower  contribution  of

ight activity  to  TDEE  but  there  was  no  difference
etween overweight  and  obese  (F(2,  210)  = 20.47,

 <  0.001).  For  sedentary  behaviours,  energy
xpenditure per  TDEE  was  significantly  higher  in
bese compared  to  overweight  or  normal  weight
omen (F(2,  210)  =  12.03,  p  <  0.001).  In  men  the
roportion  of  energy  expenditure  in  sedentary
ime was  significantly  lower  in  normal  weight  com-
ared to  overweight  and  obese  (F(2,  202)  = 10.58,

 <  0.001).
Adjusting  for  age  and  ethnicity  did  not  affect

he previously  reported  results.  As  shown  in  Fig.  1
verweight  and  obese  adults  had  significantly  lower
eight adjusted  TDEI  and  TDEE  than  their  normal
eight peers.  No  significant  difference,  however,
as observed  for  weight  adjusted  TDEI  between
verweight and  obese  adults.  The  proportion  of
edentary  and  light  activities  to  TDEE  was  higher
n overweight  and  obese,  while  the  proportion  of
nergy expenditure  in  MPA  was  lower  in  these  par-

icipants.  The  proportion  of  energy  expenditure
n VPA  did  not  differ  between  normal  weight  and
verweight  adults,  but  it  was  significantly  higher
ompared  to  obese.  Both,  overweight  and  obese
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Figure  1  Difference  in  potential  determinants  of  BMI  in  women  and  men,  adjusted  for  age  and  ethnicity.  Values  are
mean  difference  and  S.E.  NS,  non-significant;  *sig.  different  from  normal  weight; †sig.  different  from  overweight
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participants  displayed  a  lower  rate  of  energy  expen-
diture  in  10-min  bouts  of  MVPA  compared  to  normal
weight  participants.

Correlational analysis

Pearson’s  correlations  for  the  relationships
between  the  BMI  and  body  fatness  of  women
and men  and  potential  determinants  including
TDEI/kg, HEI-2010,  TDEE/kg  and  the  proportion
of energy  expenditure  in  sedentary  behaviours,

light activities,  MPA,  VPA  and  10-min  bouts  of
MVPA were  statistically  significant  at  the  0.001
level  (Table  4).  There  were,  however,  differences
in the  strength  of  the  correlations  among  BMI

o
c
T
m

nd  fatness,  and  correlates  of  energy  balance.
DEE/kg had  strong  correlations  with  both  BMI
nd body  fat  percent  in  both  sexes,  while  for
DEI/kg the  correlation  was  only  strong  with
MI in  women  and  moderate  with  %  body  fat
nd BMI  in  men.  The  correlation  between  HEI
nd body  composition  was  weak  to  non-existent.
trong inverse  correlations  were  also  observed
etween rates  of  MPA  and  BMI  while  the  correlation
etween MPA  and  % body  fat  was  only  strong
n women.  Correlations  between  the  proportion

f VPA  and  % body  fat  were  moderate  while
orrelations between  VPA  and  BMI  were  weak.
he proportion  of  light  energy  expenditure  was
oderately  correlated  with  BMI  and  %  body  fat.
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Table  4  Correlation  coefficients  between  body  composition  and  energy  intake  as  well  as  energy  expenditure.

Women  Men

BMI
Pearson’s  r

% Body  fat
Pearson’s  r

BMI
Pearson’s  r

%  Body  fat
Pearson’s  r

TDEI  (kcal/kg/day) −0.533 −0.468 −0.435 −0.487
HEI score  −0.093  NS  −0.159* −0.180** −0.165*

TDEE  (kcal/kg/day)  −0.715  −0.755  −0.577  −0.544
Sedentary  EE/TDEE  0.377  0.520  0.328  0.405
Light  EE/TDEE  0.440  0.396  0.471  0.358
Moderate  EE/TDEE  −0.630  −0.669  −0.510  −0.452
Vigorous  EE/TDEE  −0.208  −0.373  −0.258  −0.410
MVPA  bout  EE/TDEE −0.593  −0.658  −0.539  −0.506

All correlations are significant at p < 0.001, except were noted. NS, not significant.
* p < 0.05.
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** p < 0.01.

orrelations  between  the  proportion  of  sedentary
nergy expenditure  and  BMI  were  moderate  in
en and  women,  while  the  correlation  between

 body  fat  and  the  proportion  of  sedentary  energy
xpenditure was  strong  in  women.  Including  only
articipants  with  complete  data  (N  =  407)  in  the
nalyses  did  not  change  the  previously  reported
esults.

iscussion

he  present  study  had  a  number  of  interesting
esults. Obese  women  and  men  reported  a simi-
ar amount  of  absolute  energy  intake,  which,  when
djusted  for  body  weight,  was  lower  in  overweight
nd obese  compared  to  normal  weight  participants.
urther, relative  energy  expenditure  adjusted  for
ody weight  differed  significantly  across  all  BMI  cat-
gories with  lowest  energy  expenditure  in  obese
en and  women.  The  lower  energy  expenditure
ay be  explained  by  a  lower  contribution  of  MVPA

o TDEE  in  overweight  and  obese  participants.  Body
eight-corrected  TDEI  and  TDEE  also  had  moderate

o high  inverse  correlations  with  BMI  and  body  fat-
ess while  the  association  between  diet  quality  and
ody composition  was  weak.  When  energy  expen-
iture  was  stratified  by  the  percentage  of  energy
xpended  in  sedentary,  light,  MPA,  VPA  or  bouts  of
VPA, only  MPA  and  bouts  of  MVPA  showed  a mod-
rate to  high  inverse  correlation  with  BMI  and  body
atness.

Excess  body  weight,  lack  of  physical  activity  and

he associated  risk  for  chronic  diseases  have  been
dentified  as  major  public  health  problems  of  the
arly 21st  century  [27].  With  an  average  weight
ain in  the  US  population  of  about  2  pounds  of

d
w
i
[

ody  weight  or  0.2  units  of  BMI  annually  [28,29]  a
etter understanding  of  the  differences  in  energy
ntake  and  energy  expenditure  among  different  cat-
gories of  body  weight  is  of  major  concern.  BMI,

 ratio  of  weight  to  height,  is  the  most  com-
only used  index  for  classifying  obesity  as  it  relies

n simple  and  readily  available  anthropometric
easurements.  Previous  research  also  showed  an

ssociation  between  BMI  and  disease  risk  [2].  BMI,
owever, does  not  consider  differences  in  body
omposition  and  is  not  effective  at  determining
atness or  fat  distribution.  With  the  likely  contin-
ed broad  use  of  BMI  as  the  categorical  index  for
verweight and  obesity,  it  is  important  to  under-
tand the  relationship  among  BMI,  body  fatness  and
he primary  determinants  of  energy  balance.

In the  present  study,  results  using  either  BMI  or
ody fat  percentage  were  comparable.  There  was
n increase  in  energy  expenditure  with  higher  body
eight and  body  fatness  while  TDEI  did  not  differ
mong weight  categories.  Of  greater  interest,  how-
ver, is  the  moderate  to  high  inverse  correlation
f weight  adjusted  TDEE  and  TDEI  with  both  BMI
nd body  fatness.  A  lower  weight  adjusted  energy
xpenditure  has  been  shown  previously  in  over-
eight and  obese  adults  [30—32]. This  has  been
ttributed to  lower  relative  energy  expenditure
uring physical  activity  with  increasing  body  weight
31,32]. The  suggestion  of  a lower  caloric  intake
n heavier  adults  may  be  less  intuitive,  but  data
rom the  National  Health  and  Nutrition  Examina-
ion Study  (NHANES)  also  showed  a  lower  energy
ntake in  overweight  and  obese  compared  to  nor-
al weight  adults  [33]. Self-reported  dietary  intake

ata, however,  has  been  shown  to  be  inaccurate
hen compared  to  objective  measures  of  dietary

ntake or  when  analysed  for  biological  plausibility
34]. A  lower  energy  intake  per  kg  body  weight  in
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overweight  and  obese  adults,  nevertheless,  seems
plausible  given  the  lower  relative  energy  expendi-
ture in  these  participants.

Concerning  energy  expenditure,  there  was  a
decline  in  the  proportion  of  energy  expenditure  in
MVPA across  weight  categories  from  normal  weight
to obese,  while  the  proportion  of  energy  expen-
diture in  sedentary  and  light  activities  increased
across weight  categories.  Only  the  percentage  of
energy expenditure  in  bouts  of  MVPA,  however,  was
strongly correlated  with  BMI  and  %  body  fat  while
correlations of  sedentary  and  light  activity  with  BMI
and %  body  fat  were  moderate.  Bernstein  et  al.  [31]
also  reported  an  increased  risk  for  overweight  and
obesity with  a  lower  rate  of  energy  expenditure
in activities  above  4  METs,  while  associations  were
weaker  for  activities  of  lower  intensities.  Further,
an inverse  association  between  PA  levels  and  BMI
was shown  using  NHANES  data  with  a  stronger
association between  time  spent  in  MVPA  and
body weight  compared  to  less  pronounced  results
regarding  the  association  between  sedentary  time
and body  weight  [16]. These  results  have  been
attributed to  a  reduced  capability  of  participation
in PA  of  higher  intensities  with  higher  body  weight
[35]. In  the  present  study,  however,  only  obese
participants displayed  a  significantly  lower  rate
of energy  expenditure  in  VPA,  which  may  be
explained by  the  generally  low  contribution  of  VPA
to TDEE.  Taken  together  these  findings  suggest
that a  reduction  in  the  ratio  of  energy  expenditure
during bouts  of  MVPA  to  TDEE  is  a  major  contributor
to the  lower  levels  of  weight  adjusted  TDEE  in
overweight and  obese  adults.  While  the  importance
of non-exercise  activity  thermogenesis  regarding
weight gain  has  been  previously  acknowledged
[36,37],  results  of  the  present  study  emphasise  the
importance  of  activities  at  moderate-to-vigorous
intensities  in  bouts  of  at  least  10  min  regarding
weight management.

Some limitations  of  the  present  study,  how-
ever, need  to  be  considered  when  interpreting
the results.  The  concerns  regarding  self-reported
energy intake  have  been  addressed  previously.
Despite the  accuracy  of  the  armband  in  estimat-
ing energy  expenditure,  the  generalizability  of  the
results is  limited  as  the  study  population  consists
predominantly of  white  participants  with  a  college
degree.  This  may  also  explain  the  lower  prevalence
of overweight  and  obesity  in  the  study  population
compared to  the  U.S.  adult  population.  Finally,  the
cross-sectional  design  of  the  study  limits  the  infer-

ence of  causality  between  body  composition  and
correlates  of  energy  balance.

Despite  these  limitations,  results  of  the  present
study highlight  the  importance  of  achieving
C.  Drenowatz  et  al.

ufficient  energy  expenditure  in  order  to  facilitate
nergy balance  at a healthy  weight.  Body  weight
orrected  energy  intake  as  well  as  energy  expendi-
ure decreased  with  increasing  BMI.  These  results
uggest  that  a reduction  in  TDEI  may  be  less  benefi-
ial compared  to  increasing  energy  expenditure  for
ustainable  weight  loss  and  weight  maintenance.  A
eduction of  energy  intake  has  actually  been  shown
o reduce  physical  activity,  which  would  hinder
ong-term weight  loss  [38].  Considering  different
omponents of  TDEE,  MPA  and  particularly  bouts  of
VPA displayed  the  strongest  association  with  body
omposition.  With  many  adults  in  the  US  and  other
estern  countries  being  considered  to  be  inactive

39], increasing  physical  activity  and  energy  expen-
iture in  MVPA  seems  to  be  a  major  target  when
ddressing the  problem  of  overweight  and  obesity.
n order  to  prevent  weight  gain,  only  minor  adjust-
ents  in  energy  expenditure  may  be  needed  [40,41]
hile  weight  loss  requires  more  efforts;  perhaps
lso having  a reduced  dietary  intake  in  addition
o maintaining  a high  energy  expenditure.  More
esearch,  including  longitudinal  studies  on  poten-
ial differences  in  correlates  of  energy  balance,
owever, is  needed  to  increase  the  understanding  of
he regulation  of  energy  balance  in  different  weight
ategories.
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