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Abstract
Background:  Longitudinal  studies  have  implicated  both  marital  distress  and  depression  in  the
development  of  the  metabolic  syndrome,  a  risk  factor  for  diabetes  and  cardiovascular  disease.
This  study  addressed  the  impact  of  hostile  marital  interactions  and  a  mood  disorder  history  on
obesity-related  metabolic  responses  to  high-fat  meals.
Methods:  This  double-blind,  randomized  crossover  study  included  serial  assessments  of  res-
ting  energy  expenditure  (REE),  fat  and  carbohydrate  oxidation,  triglycerides,  insulin,  glucose,
Inflammation interleukin  6  (IL-6),  and  tumor  necrosis  factor  alpha  (TNF-�)  before  and  after  two  high-fat
meals.  During  two  separate  9.5  h  visits,  43  healthy  married  couples,  ages  24—61  (mean  =  38.22),
received  either  a  high  saturated  fat  meal  or  a  high  oleic  sunflower  oil  meal,  both  930  kcal  and
60  g  fat.  The  Structured  Diagnostic  Interview  for  DSM-IV  assessed  mood  disorder  history.  Cou-
ples  discussed  a  marital  disagreement  during  both  visits;  behavioral  coding  of  these  interactions
provided  data  on  hostile  marital  behaviors.
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Results:  Men  and  women  who  displayed  more  hostile  behaviors  and  who  also  had  a  mood  dis-
order  history  had  significantly  lower  post-meal  REE,  higher  insulin,  and  higher  peak  triglyceride
responses than  other  participants,  with  nonsignificant  effects  for  fat  and  carbohydrate  oxida-
tion.  Participants  with  a  mood  disorder  history  had  a  steeper  rise  in  postprandial  IL-6  and  glucose
than  those  without  a  past  history.  Higher  levels  of  hostile  behaviors  were  associated  with  higher
post-meal  TNF-�.  The  two  meals  did  not  differ  on  any  outcome  assessed.
Conclusions:  People  spend  about  18  of  every  24  h  in  a  postprandial  state,  and  dining  with  one’s
partner  is  a  common  daily  event.  Among  subjects  with  a  mood  disorder  history,  the  cumulative
6.75-h difference  between  high  and  low  hostile  behaviors  translates  into  128  kcal,  a  difference
that  could  add  7.6  pounds/year.  Our  findings  illustrate  novel  pathways  through  which  chronic
marital  stress  and  a  mood  disorder  history  synergistically  heighten  the  risk  for  obesity,  metabolic
syndrome,  and  cardiovascular  disease.
©  2014  Elsevier  Ltd.  All  rights  reserved.
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fat meals  raises  systemic  inflammatory  responses,  with  high
saturated fat  meals  in  particular  promoting  greater  or  more
. Introduction

 turbulent  marriage  can  have  a  substantial  impact,
ncluding a  three-fold  heightened  risk  for  serious  coronary
vents and  a  three-fold  increased  likelihood  of  developing
etabolic syndrome  (Orth-Gomer  et  al.,  2000;  Troxel  et  al.,

005). Troubled  marriages  also  take  a  toll  on  mental  health
Rehman et  al.,  2008;  Beach,  2014);  for  example,  unhappy
arriages are  a  potent  risk  factor  for  major  depressive  disor-
er,  associated  with  a  25-fold  increase  relative  to  untroubled
arriages (Weissman,  1987).
The  amplified  risk  for  depression  in  distressed  mar-

iages is  important  because  depression  and  chronic  stress
romote obesity  (Raikkonen  et  al.,  2007;  Luppino  et  al.,
010), which  contributes  to  a  host  of  medical  problems,
ncluding cardiovascular  disease,  diabetes,  and  metabolic
yndrome. Indeed,  depressed  people  have  a  58%  increased
isk of  becoming  obese  (Luppino  et  al.,  2010).  In  a  large
rospective study,  older  depressed  adults  gained  visceral
at over  5  years,  while  nondepressed  adults  lost  visceral
at (Vogelzangs  et  al.,  2008).  Longitudinal  studies  have
mplicated both  depression  and  marital  discord  in  the  devel-
pment of  the  metabolic  syndrome,  which  has  abdominal
besity as  its  cornerstone  (Troxel  et  al.,  2005;  Whisman
t al.,  2010;  Pan  et  al.,  2012;  Whisman  and  Uebelacker,
012).

During stressful  times  many  people  turn  to  calorie-dense
igh-fat ‘‘comfort’’  food  (Tomiyama  et  al.,  2011),  while  oth-
rs may  eat  less  (Dallman,  2010).  Rodent  studies  have  shown
hat stressors  can  alter  energy  expenditure  as  well  as  fat
nd carbohydrate  metabolism  (Moles  et  al.,  2006;  Laugero,
008; Dallman,  2010),  and  these  changes  could  provide
nother route  to  obesity—–particularly  if  they  occurred  when
eople were  turning  to  comfort  foods.

In  accord  with  the  rodent  data,  we  recently  demon-
trated that  greater  numbers  of  prior  daily  stressors  were
ssociated with  obesity-promoting  metabolic  responses  to
igh-fat meals  the  following  day,  including  lower  post-meal
esting energy  expenditure,  lower  fat  oxidation,  and  higher
nsulin (Kiecolt-Glaser  et  al.,  2014).  Furthermore,  women
ith a  history  of  depression  who  also  had  experienced  more

rior day  stressors  had  a  higher  peak  postprandial  triglyc-
ride response  than  other  participants  (Kiecolt-Glaser  et  al.,
014).

s
A
a

The current  study  extends  our  prior  work  in  several
otable ways.  The  average  age  of  the  58  participants  in  our
rst study  was  53,  all  were  women,  and  two-thirds  were
reast cancer  survivors  (Kiecolt-Glaser  et  al.,  2014)  and
hus the  generalizability  of  our  findings  was  unclear.  Fur-
hermore, in  our  prior  study  stressors  were  self-reported
hereas the  current  study  included  observational  data  from

wo marital  interactions.
This study  provided  the  opportunity  to  examine  the

mpact of  an  acute  stressor,  marital  conflict,  on  healthy
en and  women’s  metabolic  responses  to  high-fat  meals.
igher levels  of  hostile  and  negative  behavior  during  mari-
al conflict  discussions  are  strongly  related  to  lower  marital
atisfaction, a consistent  finding  in  the  marital  literature
Robles et  al.,  2014).  However,  our  primary  focus  was  on  hos-
ile behavior  rather  than  self-reported  satisfaction  because
f the  evidence  that  objectively  measured  marital  behav-
ors explain  more  of  the  variance  in  physiological  outcomes
Kiecolt-Glaser and  Newton,  2001).  Based  on  this  rationale,
e assessed  the  joint  impact  of  hostile  marital  behavior  and

 mood  disorder  history  on  post-meal  responses.
Metabolic  processes  that  influence  weight  regulation  and

at storage  were  our  central  focus.  Resting  energy  expendi-
ure plays  a  key  role  in  energy  balance  and  weight  control,
ccounting for  65—75%  of  the  total  daily  energy  expenditure;
ower daily  energy  expenditure  increases  risk  for  weight  gain
Lara et  al.,  2010).  Metabolism  of  macronutrients,  primarily
ats and  carbohydrates,  also  influences  weight  regulation
Flatt, 2012),  and  lower  fat  oxidation  clearly  facilitates
eight gain  over  time  (Blaak  et  al.,  2006).  Higher  levels
f insulin  stimulate  food  intake  and  visceral  fat  accumu-
ation (Dallman,  2010).  Triglycerides  are  the  major  form  of
at storage  in  the  body.  Acute  stress  can  transiently  increase
riglyceride concentrations  and  slow  triglyceride  clearance
Stoney et  al.,  2002).  The  magnitude  and  duration  of  the
ostprandial triglyceride  response  is  linked  with  the  pro-
ression of  atherosclerosis  (Boquist  et  al.,  1999;  Teno  et  al.,
000; Pollin  et  al.,  2008).

Earlier  dietary  studies  suggested  that  ingestion  of  high-
ustained inflammatory  responses  (Nappo  et  al.,  2002).
ccordingly we  contrasted  a  meal  high  in  saturated  fatty
cids with  a  meal  high  in  monounsaturated  fatty  acids,  and
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we  assayed  IL-6  and  TNF-�.  However,  the  serum  cytokine
changes described  in  early  papers  have  not  been  replicated
in subsequent  studies  (Poppitt  et  al.,  2008;  Herieka  and
Erridge, 2014),  and  thus  no  meal-related  cytokine  differ-
ences were  expected  in  this  project.

We  hypothesized  that  both  hostile  marital  behaviors  and
a mood  disorder  history  would  be  associated  with  lower  post-
meal energy  expenditure  and  fat  oxidation.  We  investigated
whether marital  behavior  and  a  mood  disorder  history  pre-
dicted post-meal  triglycerides,  insulin,  and  inflammation,
based on  evidence  suggesting  that  marital  distress,  stressors
and a  depression  history  can  have  adverse  effects  on  each  of
these dimensions  (Stoney  et  al.,  2002;  Kiecolt-Glaser  et  al.,
2005; Dallman,  2010;  Aschbacher  et  al.,  2014;  Kiecolt-Glaser
et al.,  2014).  We  also  examined  whether  self-reported  mar-
ital distress  mirrored  the  marital  behavior  data  as  would  be
expected from  other  literature  (Robles  et  al.,  2014).

2. Methods

2.1.  Design  and  overview

This  double-blind,  randomized  crossover  study  assessed
metabolic responses  following  high-fat  meals.  Couples  com-
pleted  an  online  screening  questionnaire  and  an  in-person
screening visit.  Eligible  couples  received  one  high  satu-
rated fat  meal  and  one  high  oleic  sunflower  oil  meal  at
the beginning  of  two  separate  full-day  visits  to  the  Clini-
cal Research  Center  (CRC),  a  hospital  research  unit,  with
the meal  order  randomized.  Participants  were  required  to
consume the  entire  meal,  and  both  members  of  a  couple
received the  same  meal  within  a  single  visit.  Visits  occurred
1—25 weeks  apart  (mean  =  4.45,  SD  =  4.76).  Although  55%
of visits  occurred  within  3  weeks,  some  were  more  widely
spaced as  a  consequence  of  participants’  work  schedules.

After  fasting  for  12  h,  couples  arrived  at  the  CRC  and  a
catheter was  inserted  in  their  arm.  Following  the  25-min
baseline metabolic  measurement,  couples  had  20  min  to  eat
their entire  meal;  all  participants  were  able  to  consume
the full  meal  within  20  min.  To  maximize  the  postpran-
dial metabolic  impact,  the  marital  problem  discussion  was
introduced 2  h  post-meal,  when  triglycerides  were  expected
to begin  peaking.  Couples  remained  in  the  CRC  for  ∼7  h  after
meal completion  without  further  food,  only  water.

Glucose  and  insulin  were  sampled  before  the  meal,
and post-meal  at  45  min,  1.5  h,  2  h,  2.5  h,  and  then  hourly
(Lairon et  al.,  2007).  Triglycerides  were  assessed  before
the meal  and  then  hourly  thereafter  (Lairon  et  al.,  2007).
Serum interleukin  6  (IL-6)  and  tumor  necrosis  factor  alpha
(TNF-�) were  assessed  before  the  meal  and  then  every  2  h
post-meal. Metabolic  data  were  obtained  during  a  25-min
resting baseline  and  then  20  min  out  of  every  hour  thereafter
(Kiecolt-Glaser et  al.,  2014).

2.2.  Participants

Using  print  and  web-based  announcements,  we  recruited  43

healthy couples,  ages  24—61,  who  had  been  married  at  least
3 years.  Individuals  were  ineligible  if  they  or  their  partner
had any  notable  chronic  health  problems.  Other  exclu-
sions included  smoking,  alcohol/drug  abuse,  an  HbA1C  >  6.5,
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nemia,  and  any  prescription  medications  except  birth  con-
rol pills  (N  =  5)  and  levothyroxine  (N  =  3).  Our  exercise
riteria were  a  maximum  of  2  h  of  vigorous  activity  per
eek for  BMI  <  25  and  5  h  per  week  for  BMI  ≥  25.  We  pri-
ritized recruitment  of  unhappy  couples  as  well  as  heavier
edentary individuals  to  maximize  the  likelihood  of  stress-
elated metabolic  responses.  When  potential  participants
pplied online,  they  completed  the  16-item  version  of  the
ouples Satisfaction  Index;  the  full  version  was  given  at
he end  of  the  in-person  screening  (Funk  and  Rogge,  2007).
appier and  thinner  couples  were  overrepresented  among
pplicants, consistent  with  the  evidence  that  recruitment
f unhappy  couples  is  a  challenge  for  marital  research  in
eneral. Accordingly,  in  terms  of  both  inclusion  and  sched-
ling we  prioritized  unhappy  and  overweight  participants
o represent  the  full  range  of  interest.  We  spent  consider-
ble time  and  effort  to  recruit  people  who  were  healthy
ut overweight;  a  total  of  350  interested  individuals  were
xcluded because  either  they  or  their  spouse  did  not  meet
ur stringent  health  criteria.  Table  1  lists  additional  sam-
le characteristics.  The  institutional  review  board  approved
his study,  and  each  participant  provided  written  informed
onsent before  participation.

.3.  Standardized  pre-study  activity  and  meals

n  the  day  before  each  of  the  two  study  visits,  cou-
les received  three  standardized  meals  from  the  CRC’s
itchen to  reduce  the  variability  associated  with  recent
ood intake.  Equations  from  the  Dietary  Reference  Intakes
ere used  to  determine  total  kcal  requirements  for  each
articipant based  on  sex,  age,  height,  weight,  and  physi-
al activity  (Panel  on  Macronutrients,  2002).  Macronutrient
argets were  54.9  ±  2.68%  carbohydrate,  27.6  ±  2.13%  fat,
nd 17.6  ±  0.95%  protein.  Participants’  last  meals,  eaten  no
ater than  7:30  PM  the  night  before  admission,  were  light
nd low  in  fat  (Lairon  et  al.,  2007).  Compliance  was  good:
articipants consumed  91.18  ±  8.62%  of  these  meals.

.4.  Research  meals

oth  research  meals  included  eggs,  turkey  sausage,  biscuits,
nd gravy  for  a  total  of  930  kcals,  with  60  g  fat,  59  g  car-
ohydrate, and  36  g  protein  (percent  of  total  kcals  =  60,  25,
5, respectively).  However,  following  prior  research  (Poppitt
t al.,  2008),  the  saturated:unsaturated  fatty  acid  ratio
aried between  the  meals;  the  high  saturated  fat  meal
ontained 16.84  g  palmitic  and  13.5  g  oleic  (ratio  =  1.93),
ompared to  8.64  g  palmitic  and  31.21  g  oleic  for  the  high
leic sunflower  oil  meal  (ratio  =  0.67).

As noted  earlier,  some  studies  had  suggested  that  high
aturated fat  meals  promoted  inflammation  (Manning  et  al.,
008). For  example,  palmitic  acid,  the  saturated  fat  chosen
or our  meal,  can  stimulate  production  of  IL-6  and  TNF-

 by  adipocytes  and  adipose  tissue  macrophages  (Ajuwon

nd Spurlock,  2005;  Suganami  et  al.,  2005).  Thus,  when  we
esigned the  study,  we  were  interested  in  the  possibility
hat the  saturated  fat  meal  might  interact  with  stress  and
epression to  fuel  inflammation.
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Table  1  Participant  characteristics.

Men  (n  =  43)  Women  (n  =  43)  Overall  sample  (n  =  86)

Age,  years  39.25  (9.17)  37.19  (7.00)  38.22  (8.18)
BMI, kg/m2 31.96  (5.06)  32.17  (6.58)  32.07  (5.83)
Waist, cm  106.71  (14.72)  99.14  (13.63)  102.93  (14.61)
Trunk fat,  g  19,502.14  (7761.57)  19,375.02  (7382.91)  19,438.58  (7530.19)
Activity, hours  per  week  3.52  (5.09)  1.86  (2.00)  2.70  (3.95)
Systolic blood  pressure,  mmHg  127.12  (12.18)  111.67  (12.30)  119.40  (14.44)
Diastolic blood  pressure,  mmHg 76.00 (7.21)  67.72  (8.22)  71.85  (8.74)
Total Cholesterol,  mg/dL 171.95 (27.31) 170.84  (32.46)  171.40  (29.82)
HDL, mg/dL 41.81  (7.76) 46.30  (9.44) 44.06  (8.88)
LDL, mg/dL 104.90  (24.34) 101.69  (27.92) 103.29  (26.09)
Fasting triglyceride,  mg/dL  126.30  (57.69)  114.72  (54.24)  120.51  (55.97)
Fasting glucose,  mg/dL  94.69  (6.05)  94.48  (7.68)  94.58  (6.87)
Years married  11.49  (6.64)

Race
White 35  35  70
Black 8  8  16

Education
Graduate degree  17  20  37
College graduate  13  8  21
Partial college  6  10  16
High school  graduate  5  5  10
≤11 years  high  school  2  0  2
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Data shown are mean (SD) or N.

.5.  Metabolic  data:  resting  energy  expenditure
REE)

ong-term  weight  maintenance  or  energy  balance  requires
hat caloric  intake  equals  calories  burned.  Resting  energy
xpenditure plays  a  key  role  in  energy  balance  and  weight
ontrol, accounting  for  65—75%  of  the  total  daily  energy
xpenditure (Lara  et  al.,  2010).  Lower  daily  energy  expen-
iture increases  risk  for  weight  gain  and  obesity.  Weight
hange prediction  models  that  incorporate  metabolic  adap-
ation were  used  to  project  the  impact  of  the  differences  in
nergy expenditure  (Hall  et  al.,  2012).

Metabolic  data  were  obtained  using  indirect  calorime-
ers (Ultima  CPX  and  CCM  Express,  MedGraphics,  St.  Paul,
N). Inspired  and  expired  airflow  of  oxygen  and  carbon  diox-

de were  measured  after  the  couples  had  rested  for  30  min
n a  thermoneutral  room  in  adjacent  beds.  During  the  25-
in resting  metabolic  rate  (RMR)  measurement,  participants

eclined at  a  30-degree  angle  and  remained  still  but  awake,
ollowing standard  procedures  (Reeves  et  al.,  2004;  Kiecolt-
laser et  al.,  2014).  The  same  procedure  was  followed  for
ll subsequent  measurements.

.6.  Macronutrient  oxidation  rates

n  addition  to  resting  energy  expenditure,  metabolism
f macronutrients,  primarily  fats  and  carbohydrates,  also

nfluences weight  regulation  (Flatt,  2012),  and  lower  fat  oxi-
ation rate  clearly  facilitates  weight  gain  over  time  (Blaak
t al.,  2006).  Accordingly,  fat  and  carbohydrate  oxidation
g/min) were  calculated  from  VO2 and  VCO2 using  the  Weir

7
d

u

ormulas  (Weir,  1949).  Adjustments  for  the  protein  respi-
atory quotient  were  based  on  estimations  of  urinary  urea
itrogen using  the  protein  consumption  from  the  prior  day’s
tandardized  meals  (Simonson  and  DeFronzo,  1990).

.7.  Body  composition

ody  composition  was  assessed  by  dual  X-ray  absorptiome-
ry (DXA)  (Kennedy  et  al.,  2009).  DXA  data  provided  a  way
o assess  both  lean  body  mass,  which  explains  70—80%  of
he variance  in  resting  metabolic  rate  (Nelson  et  al.,  1992),
nd trunk  fat,  which  contributes  to  adverse  metabolic  meal-
elated responses  and  obesity-related  disease  risk  (Kennedy
t al.,  2009).

.8.  Interview  data

he  mood  disorder  modules  of  the  Structured  Clinical
nterview-Nonpatient  Version  for  DSM-IV,  nonpatient  version
SCID-NP) provided  data  on  lifetime  prevalence  (First  et  al.,
996). Interviews  were  administered  by  trained  clinical  psy-
hology  graduate  students  or  staff.  Consensus  meetings
eviewed the  recorded  interviews  to  obtain  diagnoses.  SCID
ata demonstrated  that  16  people  met  criteria  for  a  past
ood disorder  (MDD  =  13,  and  1  each  for  depression  NOS,
ipolar, and  dysthymia).  Average  time  since  diagnosis  was

.95 years  (SD  =  6.27).  Two  currently  met  criteria  (1  MDD,  1
ysthymia).

Three 24-h  dietary  recalls,  administered  via  telephone,
sed the  USDA  Multiple  Pass  Approach  method  to  assess  food
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intake  (Moshfegh  et  al.,  2008).  Data,  averaged  across  the
interviews, included  one  weekend  day.

2.9.  Questionnaires

The  32-item  Couples  Satisfaction  Index  (CSI)  assessed  mar-
ital satisfaction  (Funk  and  Rogge,  2007).  Developed  using
item response  theory,  the  CSI  can  discriminate  well  between
satisfied and  dissatisfied  couples  with  greater  precision  than
the most  commonly  used  marital  scales  (Funk  and  Rogge,
2007).

During each  CRC  admission  couples  completed  the  widely
used Center  for  Epidemiological  Studies  Depression  Scale
(CES-D) to  assess  depressive  symptoms  (Radloff,  1977).
Studies have  shown  acceptable  test—retest  reliability  and
excellent construct  validity.

The  Positive  and  Negative  Affect  Schedule  (PANAS)  pro-
vided affect  change  data  during  each  admission  (Watson
et al.,  1988).  The  two  scales  are  largely  uncorrelated,
and show  good  convergent  and  discriminant  validity  when
related to  state  mood  scales  and  other  variables  (Watson
et al.,  1988).

2.10.  Marital  problem  discussion

Hostile  marital  behavior  predicts  couples’  physiological
changes more  reliably  than  self-reports  (Kiecolt-Glaser  and
Newton, 2001).  To  obtain  behavioral  data,  the  experi-
menter first  conducted  a  10—20  min  interview  to  identify
the best  discussion  topics  (Kiecolt-Glaser  and  Newton,  2001;
Kiecolt-Glaser et  al.,  2005),  based  on  each  spouse’s  Rela-
tionship Problem  Inventory  ratings  (Knox,  1971).  Couples
were then  asked  to  discuss  and  try  to  resolve  one  or
more marital  issues  that  the  interviewer  judged  to  be  the
most conflict-producing,  for  example,  money,  communica-
tion, or  in-laws.  The  research  team  remained  out  of  sight
while videotaping  the  subsequent  20-min  problem  discus-
sion.

Marital interaction  tapes  were  coded  using  the  Rapid
Marital Interaction  Coding  System  (RMICS)  which  discrim-
inates well  between  distressed  and  nondistressed  couples
(Heyman, 2004).  Distressed  marriages  are  characterized
by negative  affect,  conflictual  communication,  and  poor
listening skills  (Kiecolt-Glaser  and  Newton,  2001;  Kiecolt-
Glaser et  al.,  2005;  Robles  et  al.,  2014).  Accordingly,  the
composite index  summed  four  RMICS  codes:  psychological
abuse (e.g.,  disgust,  contempt,  belligerence,  as  well  as
nonverbal behaviors  like  glowering),  distress-maintaining
attributions (e.g.,  ‘‘You’re  only  being  nice  so  I’ll  have
sex with  you  tonight’’  or  ‘‘You  were  being  mean  on  pur-
pose’’), hostility  (e.g.,  criticism,  hostile  voice  tone,  or
rolling the  eyes  dramatically)  and  withdrawal  (behaviors
that suggest  pulling  back  from  the  interaction  or  not  lis-
tening).
Holley and  Gilford’s  G  was  used  to  quantify  inter-rater
agreement for  the  RMICS  hostility  composite  (Holley  and
Guilford, 1964;  Xu  and  Lorber,  2014).  Interrater  agreement
was high,  with  a  G  index  of  0.88.
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.11.  Assays

L-6  and  TNF-�  were  multiplexed  and  measured  using  an
lectrochemilluminescence  method  with  Meso  Scale  Discov-
ry kits,  and  read  using  the  Meso  Scale  Discovery  Sector
mager 2400.  Each  subject’s  stored  samples  were  assayed
or all  the  cytokine  markers  in  one  run,  thus  using  the  same
ontrols for  all  time  points  (Kiecolt-Glaser  et  al.,  2012).
ensitivity for  these  serum  cytokines  was  0.3  pg/ml.  The
ntra-assay coefficient  of  variation  for  IL-6  was  3.42%,  and
he inter-assay  coefficient  of  variation  was  8.425%;  corre-
ponding values  for  TNF-�  were  2.59%  and  8.14%.  Use  of  a
atheter can  boost  IL-6’s  normal  diurnal  rise  across  the  day
Gudmundsson et  al.,  1997;  Vgontzas  et  al.,  2004).

Circulating  triglycerides  rise  within  an  hour  of  a  high  fat
eal and  can  remain  elevated  for  5—8  h  (Lairon  et  al.,  2007).

riglycerides were  assayed  by  the  hospital’s  clinical  labo-
atory using  the  standard  procedures  employed  for  patient
amples.

Higher levels  of  insulin  are  lipogenic,  enhancing  fat  stor-
ge (Dallman,  2010).  The  link  between  stress  and  increased
bdominal obesity  may  be  linked  to  the  responsiveness  of
bdominal fat  tissue  to  insulin  and  cortisol  (Dallman,  2010).
nsulin serum  samples  were  analyzed  using  chemillumines-
ence methodology  on  the  Immulite  1000  (Siemens  Medical
olutions Diagnostics,  Tarrytown,  NY).  Sensitivity  for  this
ssay is  2  �IU/ml.  Intra-assay  coefficient  of  variation  is  5.7%
nd inter-assay  coefficient  variation  is  6.7%.

Glucose  serum  samples  were  analyzed  using  the  Dimen-
ion Xpand  Clinical  Chemistry  System  (Siemens  Medical
iagnostics, Decatur,  GA,  USA).  The  analytical  sensitivity  is

 mg/dL.  The  intra-assay  variability  is  0.43%.

.12.  Statistical  methods

he  primary  analytic  approach  utilized  linear  mixed  mod-
ls, which  allowed  explicit  modeling  of  the  within-subject
orrelations both  across  visits  and  within  a  visit,  as  well  as
ccounting for  the  clustering  of  spouses.  Specifically,  we
ncluded random  subject-specific  meal  effects  that  were
llowed to  be  correlated  and  a  couple-specific  random  inter-
ept. Cytokine  models  also  included  a  random  effect  for
ssay plate.  Triglyceride,  insulin,  glucose,  IL-6,  and  TNF-�
ata were  natural-log  (ln)  transformed  to  better  approx-
mate normality  of  residuals.  Exploratory  data  analyses
evealed that  the  post-meal  trajectories  of  energy  expen-
iture, carbohydrate  and  fat  oxidation,  insulin,  glucose,
L-6, and  TNF-�  were  approximately  linear.  Accordingly,  we
ncluded hours  since  the  meal  as  a linear  fixed  effect  for
hese models.  The  post-meal  triglyceride  data  increased  for
he first  3—4  h  followed  by  a  decline  until  the  end  of  the
easurement period.  Thus,  the  triglyceride  model  included

 quadratic  effect  of  hours  post-meal.  There  was  no  hour
ffect for  negative  affect  as  only  a  single  measurement
immediately post-conflict)  was  used.

To  evaluate  the  impact  of  marital  distress  and  mood
isorder history  on  post-meal  responses,  we  included  a

hree-way interaction  of  couples’  hostile  behavior  by
ood disorder  history  by  post-meal  hours,  along  with  all

ower-order interaction  terms.  Non-significant  interactions
p >  0.05)  were  removed  in  constructing  the  final  model
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Figure  1  Estimated  postprandial  decline  in  resting  energy
expenditure as  a  function  of  couples’  hostile  behavior  and  mood
disorder history.  Results  are  from  a  linear  mixed  model  control-
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or  each  outcome.  Marital  behavior,  as  measured  by  the
omposite hostile  behavior  scores,  was  highly  correlated
cross visits  (Spearman  r  =  0.77,  p  <  0.0001)  and  within  cou-
les (Spearman  r  =  0.81,  p  <  0.0001),  and  thus  the  dyad’s
ostile behavior  sum  was  averaged  across  visits  for  use  as

 predictor  in  our  analyses.
All  models  controlled  for  the  baseline  (pre-meal)  mea-

urement of  the  corresponding  outcome  by  including  it  as  a
xed effect.  The  interaction  of  meal  type  (high  oleic  sun-
ower oil  vs.  high  saturated  fat)  by  hours  post-meal  was

ncluded in  all  models  to  properly  account  for  the  study
esign (regardless  of  significance),  though  it  was  not  of
rimary interest.  All  models  controlled  for  age,  trunk  fat,
hysical activity,  and  sex  to  guard  against  potential  con-
ounding (all  measured  at  the  screening  visit  except  trunk
at, which  was  measured  at  the  first  visit).  The  model  for
nergy expenditure  additionally  controlled  for  lean  body
ass, and  the  models  for  carbohydrate  oxidation  and  fat

xidation also  controlled  for  HOMA  insulin  resistance.  To
acilitate interpretation  of  significant  interactions  involving
arital distress,  a  continuous  predictor,  we  estimated  and
resent post-meal  slopes  for  people  with  a  hostile  compos-
te of  21.5  (75th  percentile,  ‘‘higher  hostile  behavior’’)  and
or people  with  a  hostile  composite  of  5.5  points  (25th  per-
entile, ‘‘lower  hostile  behavior’’).  The  cumulative  effect
f marital  hostility  and  history  of  mood  disorder  on  energy
xpenditure was  estimated  by  calculating  the  area  under  the
ost-meal trajectories  (area  under  the  curve  with  respect
o ground)  predicted  by  the  mixed  model,  from  the  first
ost-meal time  point  (15  min)  to  the  last  (7  h).  The  Kenward-
oger degrees  of  freedom  adjustment  was  used  to  control
ype I  error  (Kenward  and  Roger,  1997).  All  analyses  were
onducted in  SAS  version  9.3  (Cary,  NC).

In  the  analyses  there  were  five  subjects  who  only  con-
ributed data  for  one  visit:  one  couple  who  did  not  have  a
econd visit  and  three  subjects  who  were  sick  at  one  visit.
ne subject  had  to  be  excluded  from  all  analyses  (both
isits) due  to  missing  physical  activity  data,  a  controlling
ariable in  all  models.  There  was  sporadic  missingness  in
utcomes measured  across  the  day,  but  the  analysis  method
mixed models)  allowed  subjects  with  these  occasionally
issing measurements  to  be  included  in  analyses.

. Results

omplete  model  results  are  available  in  the  online  Supple-
ent, eTables  1—3,  for  all  of  the  primary  analyses,  including

stimates of  within-couple  correlations  for  all  outcomes.
he Supplement  also  includes  ancillary  analyses  addressing
elf-reported marital  quality,  sleep,  typical  diet,  and  blind-
ng. The  two  meals  did  not  differ  on  any  of  the  outcomes  we
ssessed, consistent  with  prior  work  (Kiecolt-Glaser  et  al.,
014).

.1.  Primary  analyses

here  was  a  significant  three-way  hostile  behavior  by  mood

isorder history  by  hours  post-meal  interaction  (p  =  0.003)
redicting postprandial  energy  expenditure.  Participants
ith a  mood  disorder  history  who  also  had  more  hostile
arital interactions  had  the  steepest  postprandial  decline

m
i
n
w

ing for  pre-meal  REE,  age,  lean  body  mass,  trunk  fat,  physical
ctivity, gender,  and  meal  type.

n  energy  expenditure  (Fig.  1).  For  participants  with  a  past
ood disorder  and  higher  hostile  behavior,  the  estimated
ost-meal energy  expenditure  slope  was  −31.3  (95%  CI:
39.5 to  −23.1)  kcal/h,  compared  to  −24.8  (95%  CI:  −34.2

o −15.5)  kcal/h  for  participants  with  a  past  mood  dis-
rder and  lower  hostile  behavior  (p  =  0.001).  In  contrast,
mong participants  without  a  past  mood  disorder,  there  was
o effect  of  hostile  behavior  on  post-meal  energy  expendi-
ure; the  post-meal  slope  of  energy  expenditure  was  −28.6
95% CI:  −33.3  to  −24.0)  kcal/h  for  lower  hostile  behav-
or and  −28.2  (95%  CI:  −32.1  to  −24.3)  for  higher  hostile
ehavior (p  =  0.70).  Neither  hostile  behavior  nor  mood  dis-
rder history  significantly  predicted  post  meal  carbohydrate
xidation (p  =  0.30,  p  =  0.99,  respectively)  or  fat  oxidation
p =  0.29,  p  =  0.80,  respectively).

The three-way  interaction  of  hostile  behavior  by  mood
isorder history  by  hours  post-meal  predicting  postprandial
nsulin was  significant  (p  =  0.0006).  For  participants  with  a
ast mood  disorder,  insulin  levels  were  higher  at  the  first
ost-meal measurement  (12%  higher  geometric  mean)  for
igher hostile  behavior  compared  to  lower  hostile  behavior
p =  0.02);  their  average  insulin  levels  did  not  drop  to  the
evel of  lower  hostile  participants  until  2  h  post-meal.  How-
ver, for  participants  without  a  past  mood  disorder,  there
as no  effect  of  hostile  behavior  on  postprandial  insulin

p =  0.79).
The  mood  disorder  by  hours  post-meal  interaction  was

ignificant in  predicting  postprandial  glucose  (p  =  0.001).
articipants with  a  mood  disorder  history  had  higher  glucose
t the  first  post-meal  measurement  (4.5%  higher  geomet-
ic mean);  their  average  glucose  levels  did  not  drop  to  the
evel of  the  participants  without  a  mood  disorder  history
ntil 3  h post-meal.  There  was  not  a  significant  effect  of
ostile behavior  on  glucose  (p  =  0.81).

The three-way  hostile  behavior  by  mood  disorder  his-
ory by  hours  post-meal  (p  =  0.004)  and  hostile  behavior  by

ood disorder  history  by  hours  post-meal  squared  (p  =  0.006)

nteractions predicting  postprandial  triglycerides  were  sig-
ificant. Participants  who  had  a  mood  disorder  history  and
ho had  more  hostile  marital  interactions  had  a  steeper
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Figure  2  Estimated  postprandial  change  in  triglycerides  as  a
function of  couples’  hostile  behavior  and  mood  disorder  history.
Results are  from  a  mixed  model  controlling  for  pre-meal  trigly-
cerides, age,  gender,  trunk  fat,  physical  activity  and  meal  type.
The left  vertical  axis  is  on  a  natural-log  transformed  scale  (as
analyzed) and  the  right  vertical  axis  shows  the  original  (raw)
scale.

Figure  3  Estimated  postprandial  increase  in  IL-6  as  a  function
of history  of  mood  disorder.  Results  are  from  a  linear  mixed
model controlling  for  pre-meal  IL-6,  age,  lean  body  mass,  trunk
fat, physical  activity,  gender,  and  meal  type.  The  left  vertical

Figure  4  Estimated  postprandial  TNF  levels  as  a  function  of
couple hostile  behavior.  Results  are  from  a  mixed  model  control-
ling for  pre-meal  TNF,  age,  gender,  trunk  fat,  physical  activity
and meal  type.  The  left  vertical  axis  is  on  a  natural-log  trans-
formed scale  (as  analyzed)  and  the  right  vertical  axis  shows  the
original (raw)  scale.
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axis is  on  a  natural-log  transformed  scale  (as  analyzed)  and  the
right vertical  axis  shows  the  original  (raw)  scale.

immediate  rise  in  triglycerides  post-meal  followed  by  a
steeper decline  post-peak  compared  to  other  participants
(Fig. 2).

IL-6 increased  post-meal  (p  <  0.0001),  and  there  was  a
significant effect  of  a  past  mood  disorder  on  the  rate  of
increase (p  =  0.03),  shown  in  Fig.  3.  For  participants  with
a mood  disorder  history,  IL-6  increased  at  a  rate  of  0.16
(95% CI:  0.12—0.19)  ln-pg/mL/h,  compared  to  only  0.11  (95%
CI: 0.09—0.13)  ln-pg/mL/h  for  participants  without  a mood
disorder history.  Hostile  behavior  was  not  related  to  post-
meal IL-6  (p  =  0.62).

TNF-�  did  not  change  over  time  post-meal  (p  =  0.75),  but
there was  a  significant  effect  of  couple  hostile  behavior  on
post-meal TNF-�  levels,  with  more  negative  behavior  asso-
ciated with  higher  TNF-�  (p  =  0.008),  shown  in  Fig.  4.  For
example, the  average  ln-TNF-�  for  participants  with  more

hostile behaviors  was  0.015  (95%  CI:  0.004—0.03)  ln-pg/mL
higher than  participants  with  fewer  hostile  behaviors,  cor-
responding to  a  1.5%  higher  geometric  mean.  There  was

d
i
i

ot  a  significant  effect  of  mood  disorder  history  on  TNF-
 (p  =  0.80).  Both  cytokine  models  controlled  for  trunk  fat;
esults were  similar  when  this  was  removed  from  the  models.

Both  couple  hostile  behavior  (p  =  0.01)  and  history  of  a
ast mood  disorder  (p  =  0.02)  significantly  were  related  to
igher negative  affect  immediately  post-conflict.

.2.  Ancillary  analyses

e  evaluated  the  impact  of  self-reported  marital  satisfac-
ion on  post-meal  responses.  These  pre-planned  secondary
nalyses were  conducted  using  the  dyad’s  average  CSI  scores
n place  of  the  couple  hostile  behavior  composite  in  the
ixed models,  after  controlling  on  the  same  covariates.

esults from  these  analyses  are  displayed  in  Supplement
Tables 1—3.  Overall,  marital  satisfaction  showed  similar
ignificant associations  and  patterns  with  postprandial  REE,
riglycerides, and  insulin,  with  decreasing  marital  satisfac-
ion leading  to  a  steeper  decline  in  energy  expenditure,
igher initial  levels  of  insulin,  as  well  as  a  steeper  immediate
ise in  triglycerides  post-meal  followed  by  a  steeper  decline
ost-peak among  subjects  who  had  a  history  of  mood  disor-
er (eFig.  1).  In  addition,  the  three-way  marital  satisfaction
y mood  disorder  history  by  hours  post-meal  interaction  was
ignificant in  predicting  glucose  (eFig.  1).  Participants  with

 mood  disorder  history  who  also  reported  lower  marital  sat-
sfaction had  the  highest  starting  value  in  post-meal  glucose
nd steepest  decline  compared  to  other  participants.

Current  depressive  symptoms,  measured  by  CES-D,  were
dded to  all  models  reported  in  the  primary  analyses,
eplacing mood  disorder  history.  CES-D  was  not  a  signifi-
ant predictor  of  any  outcome  except  post-meal  glucose
hange and  post-conflict  negative  mood  change,  where  more
epressive symptoms  were  associated  with  a  steeper  decline
n postprandial  glucose  (p  =  0.05)  and  more  negative  mood

mmediately post  conflict  (p  <  0.0001).
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. Discussion

en  and  women  who  had  more  hostile  marital  interac-
ions and  who  also  had  a  mood  disorder  history  had  lower
ost-meal energy  expenditure,  and  this  disparity  was  clin-
cally meaningful:  the  cumulative  6.75-h  total  translates
nto 128  kcal,  a  difference  that  could  add  7.6  pounds/year
or women  and  7.7  for  men,  based  on  weight  change  pre-
iction models  that  incorporate  metabolic  adaptation  (Hall
t  al.,  2012).  In  addition  to  energy  expenditure,  higher
evels of  hostile  behaviors  among  those  who  had  a  mood
isorder history  were  also  associated  with  higher  post-meal
nsulin compared  with  other  participants,  with  nonsignif-
cant effects  for  fat  and  carbohydrate  oxidation.  Higher
nsulin levels  stimulate  food  intake  and  visceral  fat  accumu-
ation (Dallman,  2010),  and  thus  would  act  in  tandem  with
ower energy  expenditure  to  promote  obesity.

We  also  found  higher  peak  triglyceride  responses  in  the
resence of  higher  hostility  and  a  mood  disorder  history.
arger post-meal  triglyceride  responses  are  reliably  associ-
ted with  enhanced  cardiovascular  risk,  in  part  because  they
romote intima-media  thickening  (IMT)  of  carotid  arteries,
ne surrogate  atherosclerosis  marker  (Nordestgaard  et  al.,
007). Postprandial  triglycerides  are  potent  risk  predictors
or myocardial  infarction,  ischemic  heart  disease,  stroke,
nd cardiovascular  death,  as  highlighted  in  the  compelling
ata from  large  prospective  studies  (Boquist  et  al.,  1999;
eno et  al.,  2000;  Bansal  et  al.,  2007;  Nordestgaard  et  al.,
007; Pastromas  et  al.,  2008;  Freiberg  et  al.,  2009;  Lindman
t al.,  2010;  Madec  et  al.,  2011;  Jackson  et  al.,  2012).
ndeed, some  cardiovascular  researchers  have  suggested
hat a  ‘‘triglyceride  tolerance  test’’  using  a  standardized
eal, analogous  to  a  glucose  tolerance  test,  may  help  iden-

ify individuals  whose  metabolic  state  predisposes  them  to
igher cardiovascular  risk  (Bansal  et  al.,  2007;  Ridker,  2008).

Other  research  has  shown  an  association  between  greater
MT and  more  frequent  negative  daily  marital  interactions
Joseph et  al.,  2014);  similarly,  a  history  of  depression
as linked  to  carotid  atherosclerosis  in  middle-aged  women

Jones et  al.,  2003).  Our  triglyceride  data  demonstrate  how
arital distress  and  a  mood  disorder  history  increase  car-
iovascular risk  by  altering  lipid  metabolism.

Both  marital  distress  and  depression  appear  to  have  a  syn-
rgistic impact  on  the  development  of  metabolic  syndrome,
n important  risk  factor  for  both  cardiovascular  disease  and
iabetes (Troxel  et  al.,  2005;  Whisman  et  al.,  2010;  Pan
t al.,  2012;  Whisman  and  Uebelacker,  2012).  This  study
emonstrates mechanistic  pathways  through  which  marital
iscord and  a  mood  disorder  history  fuel  visceral  obesity
s well  as  aberrant  glucose  and  lipid  metabolism,  central
etabolic syndrome  symptoms.
Primate  models  provide  further  complementary  evidence

nd demonstrate  clear  health  implications  for  the  metabolic
hanges we  observed.  In  monkeys  fed  a  high-fat,  Western-
ype diet,  chronic  social  stress  appears  to  exacerbate
oronary artery  atherosclerosis  by  increasing  visceral  obe-
ity (Shively  et  al.,  2009).  Thus,  chronic  social  stressors  can

mpact  coronary  heart  disease  in  part  by  increasing  visceral
at, which  in  turn  promotes  coronary  artery  atherosclerosis.

Participants  with  a  mood  disorder  history  had  a steeper
ise in  postprandial  IL-6  and  glucose  than  those  without
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 past  history.  Higher  levels  of  hostile  behaviors  were
ssociated with  higher  post-meal  TNF-�.  Elevated  proin-
ammatory cytokines  are  associated  with  depression  and
arital discord  as  well  as  increased  risk  for  many  age-

elated diseases  including  cardiovascular  disease,  diabetes,
ancer, and  frailty  and  functional  decline  (Kiecolt-Glaser
t al.,  2003,  2005;  Uchino  et  al.,  2013).

This  study  was  originally  designed  to  contrast  two  dif-
erent kinds  of  high-fat  meals  because  some  earlier  studies
uggested that  high  saturated  fat  meals  may  fuel  postpran-
ial inflammatory  responses  (Poppitt  et  al.,  2008;  Herieka
nd Erridge,  2014),  and  epidemiological  studies  have  linked
dherence to  a  Mediterranean  diet  with  lower  IL-6  (Dai
t al.,  2008;  Milaneschi  et  al.,  2011).  However,  we  did  not
nd reliable  differences  between  the  two  meals  in  this  study
r our  prior  study  (Kiecolt-Glaser  et  al.,  2014).  Randomized
ontrolled feeding  trials  that  regulated  diet  over  weeks  or
onths have  demonstrated  that  diets  rich  in  monounsat-

rated fatty  acids  have  a  more  favorable  impact  on  lipid
rofiles than  high  saturated  fat  diets,  consistent  with  the
roader health  benefits  attributed  to  Mediterranean-style
iets (Allman-Farinelli  et  al.,  2005;  Bergouignan  et  al.,
009). However,  a  recent  review  of  meal  challenge  studies—–
esponses  to  single  meals—–found  that  plasma  inflammatory
arkers did  not  change  reliably  following  high  fat  meals;

n contrast,  proinflammatory  leukocyte  surface  markers,
RNA and  proteins  were  elevated  in  most  studies  (Herieka

nd Erridge,  2014).  The  variability  in  customary  background
iets may  make  it  difficult  to  demonstrate  metabolic  differ-
nces following  a  single  high  saturated  fat  meal  compared
o a single  high  oleic  sunflower  oil  meal.

Neither  hostile  behavior  nor  a  mood  disorder  history  was
elated to  baseline/fasting  resting  metabolic  rate,  insulin,
lucose, or  triglycerides;  the  typical  fasting  assessments
ould not  have  illuminated  the  problematic  relationships,
hich only  emerged  in  response  to  the  high-fat  meals.  Meal
hallenge paradigms  can  provide  important  insights  into  the
ays that  stress  and  depression  stimulate  adverse  metabolic
hanges.

We cannot  determine  whether  the  negative  effects  of  a
ood disorder  history  reflect  the  scars  of  past  depression

r underlying  interpersonal  deficits  that  could  exacerbate
arital difficulties,  one  limitation  (Herr  et  al.,  2007).  In

ddition, it  would  have  been  helpful  to  have  more  par-
icipants with  a  depression  history.  In  other  studies,  both
urrently and  formerly  depressed  men  and  women  had
oorer family  functioning  than  those  who  had  no  depres-
ion history,  even  years  after  their  depression  had  remitted
Herr et  al.,  2007).  Furthermore,  people  with  a  history  of
epression experience  more  major  and  minor  stressors  than
hose without  a  similar  history,  and  past  depression  can
lso boost  emotional  reactivity  to  stressors,  including  rela-
ionship stressors  (Hammen,  1991;  Husky  et  al.,  2009).  A
istory of  depression  may  function  as  a  marker  for  a  high-
isk phenotype,  while  marital  conflict  is  a  stressful  context
hat provokes  a  differential  dynamic  response.  Accordingly,

 mood  disorder  history  could  act  synergistically  with  marital
tress through  multiple  pathways.
Dining  with  one’s  partner  is  a common  daily  event,
nd calorie-dense  high-fat  comfort  food  can  be  particu-
arly enticing  for  some  individuals  during  stressful  times
Tomiyama et  al.,  2011).  Both  of  our  meals  had  930  kcal  and
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Marital  discord,  past  depression,  and  metabolic  responses  

60  g  fat  as  they  were  designed  to  mimic  common  fast  food
options. For  example,  a  Burger  King  Double  Whopper  with
cheese has  990  kcal  and  64  g  fat,  while  a  Big  Mac  cheese-
burger and  medium  French  fries  contain  930  kcals  and  58  g
fat.  Thus  the  metabolic  changes  observed  likely  occur  with
high frequency  in  response  to  common  meal  choices.

Although  many  people  may  overeat  and  gain  weight
during stress,  many  eat  less  and  some  even  lose  weight
(Dallman, 2010).  However,  even  if  people  do  not  gain
weight, our  data  suggest  that  the  effects  of  hostile  mar-
ital interactions  and  a  depression  history  are  far  from
trivial—–particularly when  considered  in  the  context  of  the
other postprandial  metabolic  data  we  reported:  higher
insulin and  a  heightened  postprandial  triglyceride  response,
which would  promote  central  adiposity  and  simultaneously
heighten the  risk  of  cardiovascular  disease.  Indeed,  one
noteworthy paper  showed  that  higher  levels  of  depressive
symptoms predicted  increased  visceral  obesity  over  a  5-
year period  independent  of  changes  in  body  mass  index
(Vogelzangs et  al.,  2008).  Thus,  even  if  our  participants  did
not gain  weight,  the  insulin  and  triglyceride  differences  we
observed provide  supportive  mechanistic  evidence  for  the
depression-related changes  in  visceral  obesity  reported  in
prior research  (Vogelzangs  et  al.,  2008).

As  described  in  the  introduction,  our  prior  study  using  this
same meal  challenge  paradigm  demonstrated  that  greater
numbers of  recent  daily  stressors  were  associated  with  simi-
lar obesity-promoting  metabolic  responses  to  high-fat  meals
the following  day  (Kiecolt-Glaser  et  al.,  2014).  These  paral-
lel findings  highlight  both  the  reliability  of  the  stress-  and
depression-related effects  as  well  as  the  importance  of  fur-
ther investigations  in  this  arena.

The  marital  relationship  is  typically  people’s  most  sig-
nificant adult  relationship  and  thus  a  troubled  marriage
is uniquely  stressful,  providing  regular  acute  stressors
(disagreements) that  heighten  chronic  relationship  stress.
Distressed families  experience  roughly  twice  as  many  ten-
sions per  day  as  nondistressed  families  (Margolin  et  al.,
1996). Moreover,  distressed  couples  are  more  likely  to
have continuing  conflicts  that  recur  in  well-established  pat-
terns  at  the  same  time  on  subsequent  days—–and  meals
provide prime  opportunities  for  these  ongoing  disagree-
ments (Margolin  et  al.,  1996).

We  scheduled  the  couples’  problem  discussion  post-meal
to maximize  its  metabolic  impact.  However,  self-reported
marital satisfaction  (CSI)  data  parallel  the  analyses  with  hos-
tile behavior,  and  show  that  the  effects  observed  are  not  just
the result  of  atypical  marital  disagreements  during  study
visits, but  reflect  longer-term,  chronic  marital  distress.  The
CSI findings  are  in  accord  with  extensive  work  demonstrating
the stability  and  external  validity  of  marital  conflict  coding
as a  strong  predictor  of  marital  satisfaction  and  stability
(Kiecolt-Glaser and  Newton,  2001;  Heyman,  2004;  Robles
et al.,  2014).

Our data  dovetail  with  a  recent  paper  showing  that
chronic stress  was  associated  with  diet-related  abdomi-
nal fat  and  insulin  resistance  in  postmenopausal  women
(Aschbacher et  al.,  2014),  as  well  as  longitudinal  studies

implicating depression  and  marital  discord  in  the  develop-
ment of  the  metabolic  syndrome  (Gallo  et  al.,  2003;  Troxel
et al.,  2005;  Whisman  et  al.,  2010;  Pan  et  al.,  2012;  Whisman
and Uebelacker,  2012).  Our  current  study  augments  this
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iterature  by  providing  key  mechanistic  evidence  illustrat-
ng how  high-fat  diets  promote  visceral  fat  accumulation
nd insulin  resistance  in  the  face  of  marital  distress  and  a
epression history.

Unlike our  couples  who  were  only  given  one  meal,  most
eople eat  every  4—5  h,  in  addition  to  having  snacks  that
ontain fat,  and  thus  many  of  the  adverse  metabolic  alter-
tions would  persist  throughout  the  day  (Lairon  et  al.,  2007).
onsequently, our  results  are  likely  to  substantially  under-
stimate actual  risk.

Both marital  discord  and  depression  have  notable  physi-
logical repercussions,  as  documented  in  the  poorer  clinical
utcomes for  conditions  ranging  from  cardiovascular  dis-
ase to  metabolic  syndrome  to  diabetes  (Orth-Gomer  et  al.,
000; Gallo  et  al.,  2003;  Jones  et  al.,  2003;  Troxel  et  al.,
005; Joseph  et  al.,  2014;  Whisman  et  al.,  2014).  This  study
llustrates novel  pathways  through  which  a  troubled  mar-
iage and  a  mood  disorder  history  could  contribute  to  each
f these  high  risk  conditions.  Accordingly,  treatments  that
ddress marital  distress  and/or  depression  could  benefit
oth mental  and  physical  health.
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