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ever, men’s victimization was not associated with their diurnal cortisol levels. This study
advances our understanding of the association between physical IPV victimization and dys-
regulated hypothalamic—pituitary—adrenal (HPA) axis functioning in women, which is likely to
have further implications for their subsequent mental and physical health.
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effects of IPV on health outcomes are not well understood.
Growing evidence suggests that the quality of the roman-
tic relationship may influence individuals’ health outcomes
through physiological processes including cardiovascular,
endocrine, and immune functioning (Robles and Kiecolt-
Glaser, 2003). From this perspective, one pathway that
links IPV with negative health outcomes may be via the
impact of IPV victimization on dysregulation of stress-linked
endocrine processes (Repetti et al., 2002), more specifically,
alterations in hypothalamic—pituitary—adrenal (HPA) axis
activity (Feinberg et al., 2011). Increasing the understanding
of the direct associations between IPV and HPA axis activ-

1. Introduction

Victimization of physical intimate partner violence (IPV),
which ranges from being pushed, slapped, or kicked to
severely beaten and assaulted with a knife or gun, may
have long-lasting physical and psychological health con-
sequences — including anxiety, depression, chronic pain,
and psychosomatic disorders (Lawrence et al., 2012). How-
ever, despite the high prevalence of IPV (Slep and O’Leary,
2005), the underlying mechanisms that may explain the
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ity may help explain individual differences in vulnerabilities
to IPV-related health problems, which would facilitate the
development of more effective treatment programs (Inslicht
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et al., 2006). In a community sample of couples, the present
study examined associations between physical IPV victim-
ization and diurnal patterns of the glucocorticoid hormone
cortisol (as measured in saliva), a major hormonal end prod-
uct of the HPA axis.

1.1. IPV and HPA axis activity

As a primary component of the stress reactivity and regula-
tion system, the HPA axis releases the adrenocortical steroid
hormone cortisol in response to stress, which then activates
various systems throughout the brain and body to manage
challenges (Sapolsky et al., 2000). Well-regulated cortisol
production exhibits a strong circadian rhythm with levels
typically peaking 20—30min after waking (i.e., a cortisol
awakening response [CAR]), declining rapidly in the next few
hours, and more gradually throughout the day until reach-
ing a low point in the late evening (Saxbe et al., 2008).
Although activation of the HPA axis is critical to adaptive
functioning, chronic or prolonged activation of the system
is detrimental for physical, psychosocial, and cognitive func-
tioning (Heim et al., 2000; Sapolsky et al., 2000; Fries et al.,
2005; Chrousos, 2009). Chronic stress or psychosocial mal-
adjustment is often associated with ‘‘flat’’ or ‘‘blunted’’
diurnal cortisol patterns with low cortisol levels in the morn-
ing without the typical steep nonlinear decline across the
day (Fries et al., 2005; Saxbe et al., 2008) — which is in turn
linked to a range of poor outcomes such as coronary heart
disease and obesity (e.g., Brotman et al., 2007; Ruttle et al.,
2013).

HPA axis activity is sensitive to interpersonal stressors
(Diamond, 2001; Powers et al., 2006), including conflicts
within romantic relationships (Kiecolt-Glaser and Newton,
2001; Heffner et al., 2004). Married couples’ hostile and
negative behaviors were associated with increases in corti-
sol levels (Kiecolt-Glaser et al., 2003; Robles et al., 2006).
Recent evidence suggests dysregulation in HPA axis activity
among individuals with a history of physical IPV victimiza-
tion, especially in women (Seedat et al., 2003; Pico-Alfonso
et al., 2004; Inslicht et al., 2006). Using plasma cortisol col-
lected once in the morning, Seedat et al. (2003) found that
women who were victims of physical IPV showed lower levels
of morning cortisol relative to women who were not vic-
tims of IPV. Women who were physically abused also showed
higher evening salivary cortisol levels compared to women
who were not abused, even after controlling for women’s
age, childhood abuse, and other adulthood victimization his-
tory (Pico-Alfonso et al., 2004). Similarly, Johnson et al.
(2008) found that women’s chronic exposure to physical IPV
was associated with lower waking cortisol response. How-
ever, prior studies on cortisol activity in relation to IPV
relied on limited measures of cortisol and IPV and relatively
small samples of women recruited through service centers
for abused women (e.g., women’s resource center). Thus,
whether these findings can be generalized to couples in the
community is unclear.

1.2. Gender differences in response to IPV

Although few studies have examined gender differences in
HPA axis activity in relation to IPV, evidence suggests that

the association between IPV and HPA axis activity may differ
for men and women. Robles et al. (2006) found that nega-
tive interaction patterns were related to flatter declines in
cortisol for wives only. Similarly, Saxbe et al. (2008) found
that greater marital satisfaction was associated with diur-
nal cortisol patterns (higher morning values and a steeper
decline across the day) for wives only. Greater physiolog-
ical reactivity to marital conflict for women compared to
men may be partly because of the women’s tendency to be
more attuned to the emotional quality of marital interac-
tions compared to the husbands (Kiecolt-Glaser and Newton,
2001; Robles et al., 2006; Saxbe et al., 2008). However, most
of the existing studies have focused only on women victims,
emphasizing the need for further evidence regarding poten-
tial gender differences in the HPA axis activity associated
with IPV victimization.

1.3. The present study

Using multivariate hierarchical modeling (Raudenbush
et al., 1995), we examined associations between physical
IPV victimization and men’s and women’s diurnal patterns
of salivary cortisol. Men and women with higher levels of
physical victimization were hypothesized to exhibit dysreg-
ulated diurnal cortisol patterns, as indexed by (1) lower
CAR — defined as 30-min post-awakening cortisol levels
minus awakening cortisol levels; (2) higher midday corti-
sol levels; (3) less linear decline in midday cortisol levels;
and (4) low and flat cortisol levels across the day, with-
out the typical steep nonlinear decline than those with
lower levels of physical victimization. The present study
extends previous work by investigating (1) whether find-
ings from prior research would generalize to a community
sample of couples from predominantly lower socioeco-
nomic status (SES) backgrounds; (2) multiple parameters of
diurnal cortisol patterns by modeling intra-individual vari-
ability and inter-individual differences among couples; (3)
effects of physical IPV controlling for psychological IPV
(e.g., yelling, insulting, and threatening behavior) and other
factors that have been found to be associated with diur-
nal cortisol patterns (i.e., women’s employment, number
of children, and relationship satisfaction); and (4) gender
differences in the associations between IPV and HPA axis
activity.

2. Methods

2.1. Participants

Data for the present study were from the Oregon Youth Study
(OYS)-Couples Study. The men were originally recruited to
the OYS through fourth-grade classes (ages 9—10 years) from
public schools in a midsized Pacific Northwest city that had
higher-than-average incidences of juvenile delinquency in
their neighborhoods (N =206, participation rate =74%). The
men have been almost annually assessed over the past 30
years. The men’s parents were predominantly of lower SES;
approximately 50% of the men had juvenile arrest records
and only 52% graduated from high school with their class.
When the men were ages 17—19 years, the OYS-Couples
Study was initiated to examine these men’s adjustment with
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Table 1 Sample descriptive statistics.

Men Women Couples
Age (years) 36.33 (.58) 34.00 (6.22) 35.17 (3.12)
Ethnic/racial minority (n, %) 13 (11%) 19 (16%) n/a
Income (per $10,000) 4.42 (3.71) 1.81 (1.96) 6.22 (4.39)
Education (n, %)
Less than 12 years 22 (18%) 23 (19%) n/a
High school graduate (regular, diploma program or GED) 25 (21%) 69 (57%) n/a
Greater than 12 years 75 (61%) 29 (24%) n/a
Relationship status (n, %)
Dating/other n/a n/a 17 (14%)
Cohabitating n/a n/a 32 (26%)
Married n/a n/a 73 (60%)
Relationship length (years) n/a n/a 8.84 (6.37)
Prevalence of psychological IPV victimization (n, %) 107 (88%) 105 (86%) n/a
Psychological IPV victimization .80 (.72) .76 (.75) .78 (.72)
Prevalence of physical IPV victimization (n, %) 22 (18%) 13 (11%) n/a
Physical IPV victimization .04 (.12) .04 (.20) .04 (.15)
Cortisol (ng/dL)
Upon awakening .30 (.19) .31 (.17) n/a
30-min post-awakening .34 (.22) .37 (.23) n/a
Midday .12 (.16) .12 (.13) n/a
Before bed A1 (.16) A1 (.18) n/a
Women’s full-time employment in last year (months) n/a 6.26 (4.81) n/a
Number of children in household fulltime (n) n/a n/a 1.75 (1.29)

Relationship satisfaction

111.84 (18.80) 108.27 (19.35) 110.06 (17.32)

Note: Tabled numbers denote the mean followed by the (standard deviation) unless noted otherwise.

their romantic partners. To date, the men and their partners
have participated in eight couples’ assessments from late
adolescence (T1, ages 17—19 years) through early adulthood
(T8, ages 35—36 years). The present study focused on the
T8 assessment in which couples completed salivary cortisol
sample collections.

Of 145 couples who participated at the T8 assessment,
127 couples had at least 1 partner who contributed to the
saliva collection. Of these 127 couples, 5 couples were
excluded because they were same-sex (n=2), pregnant
(n=2), or broke up just prior to the saliva collection
(n=1). Note that same-sex couples were not included in
the present analyses in order to test gender differences
within male—female couples. Data were further excluded
due to one of the partners reporting diabetes (n=1), or flu-
like symptoms during the collection (n=1), or having had
incomplete information on the study predictors (n=6). This
resulted in a total of 122 couples for the analysis — with
complete data on both partners for 109 couples and partial
data for 13 couples. Couples’ demographic characteristics
are presented in Table 1. On average, men and women who
were included in the present analyses were not significantly
different from those who were excluded on any of the demo-
graphic variables or study predictors, except for women’s
ethnic/racial background; women who were included in the
analyses were more likely to be of an ethnic/racial minority
(16%) than excluded women (0% ethnic/racial minority; x?
[1]1=4.12, p=.04).

2.2. Procedures

Each partner completed in-person interviews and question-
naires independently and participated in problem-solving
discussion tasks together in the laboratory at the Oregon
Social Learning Center (OSLC). Assessments lasted approxi-
mately 3—3.5h. During the problem-solving tasks, six saliva
samples were collected, thus familiarizing couples with the
saliva collection procedure. Those who agreed to partici-
pate in the daily salivary cortisol collections were asked to
take saliva collection kits home, along with a daily diary
to record information about the collections. Trained asses-
sors reviewed the protocol with the participants verbally and
also gave them a copy of the written protocol. Couples were
instructed to take four saliva samples per day (upon awak-
ening, 30 min post-awakening, in the mid to late afternoon,
and at bedtime) across four consecutive work days (yielding
16 maximum samples per person). Samples were collected
by passive drool into 1.7 ml Eppendorf tubes. Couples were
specifically instructed not to eat, drink, or brush their teeth
before sample collections. Couples were also instructed to
record any deviations from these guidelines, general health,
medication use, wake and bed time, and saliva collection
times on the daily diary each day. Participants received a call
in the evening before sampling began and were reminded of
key aspects of the saliva collection protocol. Each vial was
pre-labeled by the research staff with the date and sam-
ple number. Participants were instructed to refrigerate all



38

H.K. Kim et al.

saliva samples at home until the end of the collection and
then either mail the samples in prepaid envelopes or drop
them off at OSLC. Samples were then refrigerated for a
maximum of a week onsite until they were sent to the Snod-
grass Lab at the University of Oregon and frozen at —80°C
until assayed. All study procedures were approved by the
Institutional Review Board at OSLC.

2.3. Measures

2.3.1. Salivary cortisol

Saliva collections were assessed in duplicate using a
commercially available enzyme immunoassay kit (1-3002;
Salimetrics, State College, PA) for salivary cortisol fol-
lowing the manufacturer’s recommended protocol. This
immunoassay kit was designed and validated for the
quantitative measurement of cortisol in saliva and has
been extensively used in research; additional informa-
tion is available from Salimetrics (http://www.salimetrics.
com/assets/documents/1-3002.pdf). Eighty-four percent of
the samples assayed in duplicate met the coefficient of
variation (CV) and/or absolute value difference criterion
suggested by Salimetrics. Duplicates for the remaining 16%
of the sample varied by more than 15% and thus were re-
assayed. The test used 25 pl of saliva, had a lower limit
of sensitivity of .007 pg/dL, and a range of sensitivity from
.007 to 3.0 ng/dL. The average intra-assay and inter-assay
coefficients across four days was 10.57% and 10%. Corti-
sol samples that were contaminated with food or blood
were eliminated from the assay. In addition, 37 cortisol
samples (<1%) were treated as missing due to cortisol val-
ues exceeding 2 ng/dL (n=6) or the participants reporting
having brushed their teeth, used nicotine, and/or imbibed
caffeinated beverages or alcohol just prior to their saliva
collections (n=31). This yielded a total of 3532 cortisol
samples to be used in the current analyses. On average,
individuals provided saliva samples at 14.5 of the 16 total
possible collections. The average of the duplicate tests was
used in the analyses. Cortisol units are expressed in micro-
grams per deciliter (ng/dL).

2.3.2. Physical IPV victimization

Men’s and women’s physical IPV victimization in the past
year was assessed using the physical assault subscales of
the Conflict Tactics Scale-Revised (CTS2, Straus et al.,
1996). Each partner reported both on his/her victimization
and on their partner’s victimization on a seven-point scale
(0=""never or less than once a year’’ to 6 =""daily’’). The
physical assault subscales included six items each (e.g., I/my
partner pushed or shoved me/my partner). Internal reli-
abilities of self- and partner reports of physical IPV ranged
from .66 to .84. For both men’s and women’s victimization
scores, self- and partner’s reports were significantly asso-
ciated (r=.27, p<.001 and r=.84, p<.001 for men’s and
women’s victimization, respectively). To limit biases asso-
ciated with monosource reporting, we averaged the men’s
self-reports and the partner reports on men’s victimization
and, similarly, the women’s self-reports and partner reports
on women’s victimization for subsequent analyses.

2.3.3. Control variables

To take into account potential influences on diurnal cortisol
patterns, psychological IPV victimization, women’s employ-
ment, the number of children living in the household full
time, and couples’ relationship satisfaction were included in
the analyses as control variables (Adam and Gunnar, 2001).
2.3.3.1. Psychological IPV. Psychological IPV victimization
was assessed by the psychological aggression subscales from
the CTS2 (described above). The subscales included five
items each (e.g., I/my partner shouted or yelled at me/my
partner). Self- and partner reports had good internal reli-
abilities ranging from « = .72 to o = .86. In addition, both self-
and partner reports were significantly associated (r=.60,
p<.001 for men’s and r=.59, p<.001 for women’s psycho-
logical victimization). Similar to physical IPV victimization,
self- and partner reports on psychological victimization were
averaged for the subsequent analyses.

2.3.3.2. Women’s employment. Women’s employment
was assessed using four questions: ‘‘How many months out
of the past 12 months have you worked for pay: (1) full
time (35 or more h/wk); (2) part time (6—34h/wk); (3) very
part time (1—5h/wk); and (4) occasional odd jobs, but no
regular hours?’’ A weighted sum denoting the number of
months women were employed full time in the last year
(ranging from 0 to 12 months) was then calculated.
2.3.3.3. Number of children in the household. Partici-
pants were asked how many biological, step, and/or adopted
children they had and whether these children lived with
them full or part time. The maximum number of children
living in the home full time reported by both partners was
then used in the analyses.

2.3.3.4. Relationship satisfaction. Both partnersreported
on their relationship satisfaction using the Dyadic Adjust-
ment Scale (Spanier, 1976; e.g., **How often do you discuss
or have you considered divorce, separation, or terminating
your relationship’’). Response scales for the items ranged
from 0 (always disagree) to 5 (always agree), except for one
item that was coded on a 0—4 scale, yielding a total score
range of 0—139 («¢=.90 for men and .92 for women).

2.4. Data analytic plan

Dependence among (1) individuals’ repeated cortisol
samples (i.e., four collections per day across four con-
secutive days) and (2) cortisol levels across partners
were accounted for by employing multivariate hierarchi-
cal modeling (Raudenbush et al., 1995). One of the major
advantages of this approach is that key parameters describ-
ing intra-individual variability in diurnal cortisol rhythms
(e.g., CAR, slope of diurnal cortisol rhythms) are simulta-
neously estimated and can be predicted by inter-individual
differences among couples (e.g., physical IPV). Estimates of
individuals’ diurnal cortisol patterns that are indicative of
their overall basal HPA-axis functioning (rather than day-
specific diurnal patterns) were obtained by modeling the
four cortisol collections per day across the four consecutive
days at Level 1 (within-couples), while simultaneously allow-
ing for mean differences in couples’ cortisol levels across
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repeated collection days (Adam, 2006). The Level-1 model
for the ith couple may be written as follows':

Level 1 (within-couples) :

SR Cortisol; =

Male # [Bmoi + BmiiTime + B Time? + Brn3iCAR

~+BmaHSN + BrsWeekend + BmeFlag

+Bm7iDay2 + BmsiDay3 + BmeiDay4 M
+Female * [Broi + frriTime + B Time” + BriCAR
+Bs4HSN + BisWeekend + BgsFlag

+BrziDay2 + BrsiDay3 + BmoiDay4]

~+error;

SR Cortisol; denotes the square root of the ith cou-
ples’ cortisol level (i.e., the transformed outcome variable).
Male and Female denote ‘0/1’’ gender indicator variables.
Thus, lines 2—4 of Eq. (1) denote men’s effects and lines
5—7 denote women’s effects. By employing this multivari-
ate modeling approach, the Level-1 equation summarizes
data at the couple rather than individual level; thus, line
8, error;, denotes variability in couples’ cortisol levels
that is not explained by the model. Regression coefficients
with an *‘i’’ subscript were modeled as random effects,
those without an *‘i’’ subscript denote fixed effects. Varia-
tion in cortisol levels across repeated collection days was
accounted for in lines 4 and 7. Parameters Bm7i—Bmoi for
men and Bs7i—Brei for women denote systematic mean varia-
tion among couples’ cortisol levels on the first collection
day compared to the other three collection days. They
were modeled with three contrast coefficients: Day2, Day3,
and Day4 coded as ‘1"’ to denote the second, third, and
fourth collection days, respectively, and ‘‘0’’ otherwise.
Individuals were aligned on the same Time metric by using
their hours since waking, which was person-mean centered
for each day around awakening and final collection times.
Lines 3 and 6 in Eq. (1) account for differences in individ-
uals’ awakening times, days of collections, and behaviors on
the days of collections (e.g., medication use, alcohol and
nicotine use, and exercise). Specifically, variation between
participants’ awakening times was controlled for by entering
the number of hours difference between awakening times
and noon (i.e., Hours Since Noon, HSN in Eq. (1)), which was
grand-mean centered at approximately 4.5h before noon
(i.e., average awakening time=7:30 am).? Variation in the
days of week that participants provided the saliva samples
was accounted for by using the Weekend contrast coefficient

' For simplicity, only one subscript is shown in all equations,
denoting the ith couple; subscripts denoting multiple days and col-
lections are not shown.

2 To improve model convergence, the differences between the
degrees of magnitude of the outcome and the three time-predictor
variables in Eq. (1) (i.e., Time and Time?, which denote individ-
uals’ saliva collection times as hours since waking, and HSN, which
denotes the difference in hours between awakening times and noon)
were rescaled by dividing the three time-predictor variables by a
factor of 20 (Muthén and Muthén, 1998—2012).

that equaled **0’’ for the weekdays (Monday through Friday)
and **1’’ for the weekends (Saturday and Sunday). A binary
Flag variable indicates whether or not individuals had taken
non-steroidal medications (e.g., depression/anxiety medi-
cation), imbibed alcohol, used nicotine, and/or exercised on
the day(s) of their saliva collections, thus accounting for any
potential variation in cortisol levels attributable to these
factors known to influence HPA axis activity.?

The regression coefficients in lines 2 and 5 of Eq. (1)
denote the primary effects of interest, characterizing indi-
viduals’ diurnal cortisol patterns according to their: (1)
midday levels of cortisol on the first day (intercepts Bmoi and
Brai), (2) rates of linear change in cortisol levels at midday
(slopes Bm1i and Bs1i), (3) amount of curvature or dampening
(i.e., nonlinear change) in cortisol levels across the entire
day (quadratic effects Bm2i and Bryi), and (4) CAR (CARS Bmsi
and Bsi). CARs were defined as the difference in cortisol
levels at the 30-min post-awakening collection (coded as
“0.5”’) minus the awakening collection (coded as **—0.5"’
or *'0’’ otherwise) (Adam and Kumari, 2009). Partners’ mid-
day cortisol levels (intercepts Bmoi and Bri) and rates of
change in cortisol levels at midday (slopes Bmii and Brii)
were free to correlate. In order to examine if differences in
the four diurnal cortisol parameters would be predicted by
individuals’ levels of physical IPV victimization, the Level-2
(between-couples) model included:

Level 2 (between-couples) :

Men :
Bmoi = Ym0 + bmoi + Ymo,pny Phy. IPV 2)

Bm1i = Ym1 + bmii + ¥Ym1.phy Phy IPV
Bmai = ¥Ym2 + bm2i + Yma,phy Phy. IPV
Bm3i = ¥Ym3 + bm3i + Ym3,phy Phy. IPV

while simultaneously controlling for mean differences in cor-
tisol levels across repeated collection days. (Note: Similar
equations were used for women, where women’s physical
IPV victimization predicted women’s cortisol parameters.)

Men’s day effects :  Bmzi = Ym7 + bm7i
Bmgi = VYms + bmsi
Bmoi = Ymo + bmoi

The y’s denote the fixed (i.e., average) effects, and the
b’s denote the random variance effects (i.e., variability

3 None of the participants reported the use of steroid mediation;
thus it was not included in the flag variable. Separate examination
of each behavior — use of depression/anxiety medication (reported
by 11% of women and 7% of men), use of other mediations (reported
by 26% of women and 16% of men), alcohol use (reported by 40% of
women and 47% of men), nicotine use (reported by 34% of women
and 42% of men), and exercise (reported by 47% of women and 34% of
men) — in the multivariate hierarchical models as a time-dependent
dichotomous predictor revealed that none of these indicators were
significantly related to cortisol levels, except for women’s alcohol
use; women showed significant increases in cortisol levels on the
days in which they had (versus had not) consumed alcohol.
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around the average). Phy. IPV denotes the average level
of men’s or women’s physical IPV victimization reported by
both partners in the last year. The regression coefficients
preceding these predictor variables (ymo,phy—¥m3,phy fOr men
[and yo,pny—Yr3,pny fOr women, not shown]) capture the
associations between inter-individual differences in men’s
or women’s physical IPV victimization and intra-individual
differences in their diurnal cortisol patterns. Gender differ-
ences were examined by constraining the effects of physical
IPV on all four of the diurnal cortisol parameters to be equal
for men and women (y¥mo,phy = ¥o,phy» - - -» ¥m3,phy = ¥f3,phy), and
then change in overall model fit when all of the parame-
ters that were allowed to vary were examined using the
Scaled x? difference test (Satorra and Bentler, 2011). Finally,
the Level-2 equation was expanded to include four control
variables — psychological IPV victimization, the number of
children living in the home full-time, women’s months of
full-time employment over the last year, and each partner’s
relationship satisfaction. All of the Level-2 predictors were
grand-mean centered by gender except for the number of
children living in the home full time, which was grand-mean
centered by couples.

decreases in cortisol levels at midday, and significant non-
linear change or dampening in cortisol levels over the course
of the day. All eight of the random effects defining variability
around men’s and women’s average diurnal cortisol patterns
(i.e., CARs, intercepts, slopes, and quadratic effects) were
significant, except for men’s random quadratic effect that
was marginally significant. On average, men’s and women'’s
second, third, and fourth midday cortisol levels were not sig-
nificantly higher or lower than their midday cortisol levels
on the first day of collections. Similarly, variability in men’s
and women’s cortisol levels on the first day of collections
did not significantly differ from the variability on any of the
other three collection days, except for women’s cortisol lev-
els on the fourth day. Individuals’ awakening times, whether
the collections occurred on a weekday versus weekend, and
the flag variable denoting medication use, alcohol and nico-
tine use, and exercise were not significant for men’s and
women’s cortisol levels.

Level 2 continued(between-couples, controlling for contextual factors) :

Men :
Brmoi = -+ - + Ym0,psyPSY- IPV + Yo kiasKids + Yo work WOrk + ymo rsMen’s Rel. Sat.
Bmti =+« . 4 Ym1,psyPSY. IPV + Y1 kiasKidS + ¥t work WOrk + ym1 rsMen’s Rel. Sat.
Bm2i = - - + Ym2,psyPSY. IPV + Y2 kiasKids + Yma2.work WOTK + yma rsMen’s Rel. Sat.
Bmzi = - .. + Ym3,psyPSY- IPV + ¥m3 kiasKids + yim3 work WOrK + ym3 rsMen’s Rel. Sat.

Note: Similar equations were used for women, where control
variables predicted their cortisol parameters.

3. Results

3.1. Descriptive

Bivariate correlations among the Level-2 (between-couples)
predictors and men’s and women’s cortisol values for each
of the four collection times (averaged across four days)
are shown in Table 2. All of the IPV measures were posi-
tively associated with one another and negatively associated
with men’s and women'’s relationship satisfaction. Moreover,
higher levels of women’s, but not men’s, physical IPV vic-
timization were significantly associated with higher levels
of both men’s and women’s midday and evening cortisol val-
ues and with lower levels of women’s 30-min post-awakening
cortisol values. Finally, fewer hours of women’s employment
were associated with higher levels of women’s physical IPV
victimization and more children living in the home full time.

3.2. Diurnal cortisol patterns

The unconditional model (Table 3) indicated that men’s
and women’s average cortisol levels 30 min after waking
were significantly higher than their cortisol levels upon
awakening. Likewise, both men and women had midday cor-
tisol levels significantly greater than zero, significant linear

3.3. Physical IPV victimization and diurnal cortisol
patterns

Next, we examined whether differences between individ-
uals’ diurnal cortisol patterns were associated with the level
of men’s and women’s physical IPV victimization over the
last year. First, overall model fit was significantly improved
by allowing the effects of physical IPV on all four of the
diurnal cortisol parameters to differ for men and women
(Scaled x? difference [4]=11.87, p=.018). Likewise, the
addition of physical IPV (Table 3, Model 1) yielded a signifi-
cant improvement in overall model fit over the unconditional
model (Scaled x? difference [8]=29.19, p<.001). Men with
higher levels of physical IPV victimization — compared to
men with lower levels of physical IPV victimization — had
significantly higher midday cortisol levels (intercepts). No
significant effects of physical IPV victimization emerged for
men’s CARs, rates of change in cortisol at midday (slopes),
and nonlinear changes in cortisol levels across the day
(quadratic). On the other hand, women with higher levels of
physical victimization — compared to women with lower lev-
els of physical victimization — had significantly lower CARs,
higher midday levels of cortisol, less linear decline in cortisol
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Table 2 Bivariate correlations among men’s and women’s cortisol values (by collection time) and the study predictors.

1. 2. 3. 4, 6. 7. 8. 9. 10. 11. 12.

Cortisol

1. Awakening — 517 .10 14 .09 .06 .07 .10 .03 -.03 .05 —.01

2. 30-min 53 — .09 09 .03 .05 .05 .11 .09 .00 .07 -.03
post-awakening

3. Midday A1 .05 — 497 .09 .09 14" 12 —-.10 -2 —.002 -.07

4. Evening 77 .09 497 — 13 .14 16" 14 -0 —-10 -—-.02 -—-.12

5. Women'’s —-.002 -.01 .03 .07 .90 417 537 —.05 —.02 —.547 —.507
psychological IPV
victimization

6. Men’s —.01 —.04 .06 .06 907 — 46" 647 —.09 .00 —.607 —.59"
psychological IPV
victimization

7. Women'’s physical —.04 —.05M 15 A3 A1 467 — 767 —16 —.06 —.317 —.34"7
IPV victimization

8. Men’s physical IPV —.02 —.04 .11 .09 537 64 767 — —.19 .03 —.36" —.42"
victimization

9. Women’s .08 AN — 3% —02 —-.05 —-.09 —.16 —.19° — —.22" .02 .05
employment

10. Number of .08 .06 -.04 .00 -.02 .00 -.06 .03 —-.227 — —-.04 -.05
children

11. Men’s relationship —-.01 .10 .04 .00 —.54" —.60" —.317" —36" .02 —.04 — 65"
satisfaction

12. Women'’s .05 .07 —-.10 —.09 —.50" —.59" —.347 —427 .05 —.05 657 —

relationship
satisfaction

Note: Values above and below the diagonal for the cortisol variables (first four rows and columns) denote correlations with men and
women, respectively. Cortisol values were square-root-transformed prior to calculation of correlation coefficients. Standard errors of
the correlation coefficients were estimated using a sandwich estimator to account for the dependence among repeated observations
from the same men and women across their four consecutive days of saliva collections.

" p<.05.
M p<.10.
" p<.01.
" p<.001.

e

at midday, and less nonlinear dampening of cortisol levels
over the course of the day.*

Including the control variables (Table 3, Model Il) did
not alter the significant effects of women’s physical IPV
victimization on their diurnal cortisol parameters, and the
significance of all other fixed and random effects remained
unchanged from Model I. The only exceptions were that the
effects of physical IPV on men’s midday cortisol levels and
women’s CARs were attenuated in the presence of control
variables. Greater linear decreases in men’s midday corti-

4 We performed an omnibus test to examine the joint significance
of effects of physical IPV on men’s and women’s cortisol slopes
and quadratic parameters. Specifically, we fitted a null model that
allowed for only main effects of physical IPV on men’s and women’s
cortisol at midday (i.e., intercepts) and then compared the change
in overall model fit to an alternative model that allowed for addi-
tional effects of physical IPV on men’s and women'’s cortisol slopes
and quadratic parameters. The significant Scaled x? difference [4]
of 12.52, p=.014 suggests significant improvement of overall model
fit for the alternative model. This confirms significant effects of
physical IPV victimization on cortisol slopes and quadratic parame-
ters.

sol levels (i.e., less flattened slopes) were observed for men
who had more children and had partners who worked more
hours in the past year, compared to men who had fewer chil-
dren and partners who worked less. Women’s employment
was also positively related to CARs for men, but none of the
control variables were significantly related to the women’s
diurnal cortisol parameters. Model Il did not yield a signifi-
cant improvement in overall model fit over Model 1 (Scaled
x? difference [32]=30.61, p=.54). Fig. 1 depicts men’s and
women’s predicted diurnal cortisol patterns, given the men’s
and women'’s levels of physical IPV victimization for the fully
adjusted model (Model II).°

> We examined the correlation between men’s and women’s Level-
1 residuals by using the multivariate approach. Specifically, we
fitted simultaneous latent growth models for men’s and women’s
diurnal cortisol patterns while also allowing for correlated resid-
uals at Level-1. Results indicated that the residuals were indeed
significantly related (covariance =.001, p=.032), although allowing
for Level-1 correlated residuals between men and women did not
alter the overall pattern of significance.
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Table 3  Effects of physical IPV victimization on diurnal patterns of cortisol.

Unconditional model Model | Model II

Men Women Men Women Men Women
Fixed effect
Cortisol (midday)
Intercept 387 367 377 367 387 367
Physical IPV victimization - - .25 .08” .23M .09”
Psychological IPV victimization — — — — .01 —.01
Women’s employment — — — — —.001 .00
Number of children = = = = —.01 —.01
Relationship satisfaction = = = = .00 .00
Hours since awakening (slope)
Intercept —.34" -.397 —.34" —.40" —.34" -.397
Physical IPV victimization - - .03 A7 —.10 14"
Psychological IPV victimization — — — — .01 —.02
Women’s employment — — — — —.01 —.003
Number of children - - - - —.03 —.02
Relationship satisfaction — — — — —.001 —.002M
Hours since awakening? (quadratic)
Intercept 41 .50 42" 52" 427 517
Physical IPV victimization - - —.13 —.49" —.26 —.39"
Psychological IPV victimization = = = = .10 .10
Women’s employment — - — — .01 .02
Number of children - - - - .06 .o9M
Relationship satisfaction — — — — .002 .004
Cortisol awakening response (CAR)
Intercept .05 .07 .05 .08 .05 .08
Physical IPV victimization — - .04 —.05 .06 —.04
Psychological IPV victimization — - — — .01 .01
Women’s employment — - - - .01 .003
Number of children = = = = .01 .001
Relationship satisfaction — - — — .001 .00
Collection day (mean difference test)
Day 2 versus Day 1 —.01 —.01 —.004 —.01 —.004 —.01
Day 3 versus Day 1 —.01 —.01 —.01 —.01 —.01 —.01
Day 4 versus Day 1 .01 .01 .01 .01 .01 .01
Hours since noon .08 .07 .08 .08 .08 .09
Weekend —.01 —.01 —.01 —.01 —.01 —-.01
Flag variable —.007 .01 —.01 .01 —.01 .01
Random effect
Level-1 variance
Couples’ residual .02 - .02 - .02 -
Level-2 variances
Cortisol intercept .01” .01 .01” .01 .01 .01”
Hours since awakening .05 .04 .05 .04 .04 .04
Hours since awakening? .10M 14" .09M A3 .o9M A1
Cortisol awakening response (CAR) .01 .004 .01 .004° .01 .004
Collection day (variance test)
Day 2 versus Day 1 .002 .00 .002 .00 .002 .00
Day 3 versus Day 1 .001 .00 .001 .00 .001 .00
Day 4 versus Day 1 .002 .005" .002 .01” .002 .01”

Level-2 covariances
Couples’ intercepts .003’ - .003’ - .003" —
Couples’ slopes .02 - .02 = .02 =
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Table 3 (Continued)
Unconditional model Model | Model Il
Men Women Men Women Men Women

Model fit

Log likelihood (# estimated parameters) 1789.43 (37)

Information criteria

AlC —3504.86
BIC —3276.59
Sample size adjusted BIC —3394.16

1797.96 (45) 1812.48 (77)

—3505.92 —3470.97
—3228.30 —2995.93
—3371.29 —3240.60

Note: Men’s and women’s cortisol parameters were predicted by their psychological and physical IPV victimization scores. Hours since
noon = number of hours difference between individuals’ awakening times and noon. Information criteria and effects pertaining to couples
(i.e., the Level-1 residual variance and Level-2 covariances) are reported in the men’s column only.

" p<.05.
M p<.10.
" p<.01.
p<.001.
= == \Women, No Physical IPV Victimization
0.45
e \\/omen, Average Physical IPV Victimization
0.40 Men, No Physical IPV Victimization
= 0.35 N Men, Average Physical IPV Victimization
2
g 0.30
S 025
£
8 o020
k-]
£ o1s
5
2 010
a
0.05
0.00
0 2 4 6 8 10 12 14 16 18
Time Since Waking (hours)
Figure 1 Men’s and women'’s predicted diurnal cortisol pat-

terns given their experiences of physical IPV victimization
(Table 2, Model Il). Note: Predicted values are based on either
no physical IPV victimization (which was observed for 89% of
women and 82% of men) or the average levels of physical IPV
reported by those who experienced physical IPV victimization.

4. Discussion

Although there has been a great deal of interest in the
association between aggression and dysregulated HPA axis
activity in children (e.g., Fisher et al., 2007; Bruce et al.,
2009), relatively little is known about physiological pro-
cesses through which IPV exerts its deleterious effects on
one’s health (Feinberg et al., 2011). Given the high preva-
lence of IPV among couples and subsequent adjustment
problems (Kim et al., 2008), the lack of research on this issue
is especially of concern (Feinberg et al., 2011). The present
study sought to address this issue by examining the extent to
which physical IPV victimization was associated with diurnal
cortisol patterns in a community sample of couples in their
30s from predominantly lower SES backgrounds. Overall, the
findings indicated that women with higher levels of physical
victimization showed significantly higher levels of cortisol
in midday and less linear decline across the day, suggest-
ing flatter cortisol rhythms relative to women with lower

levels of victimization. Furthermore, the effects of physical
victimization were robust in the presence of other control
variables.

The finding that women with higher levels of victimiza-
tion showed flatter diurnal cortisol patterns is in line with
findings on the link between marital functioning — specif-
ically marital conflict and IPV, and cortisol activity (e.g.,
Adam and Gunnar, 2001; Pico-Alfonso et al., 2004; Saxbe
et al., 2008). It is interesting to note that women’s CARs
did not seem to be influenced by physical IPV victimiza-
tion. This indicates that the flatter cortisol patterns may
be largely due to more attenuated decreases in midday and
evening levels. This finding is consistent with evidence that
showed a group difference in the evening cortisol levels —
with women who were physically abused exhibiting higher
evening salivary cortisol levels relative to women who were
not abused — but no group difference in morning cortisol
levels (Pico-Alfonso et al., 2004). However, our finding is
somewhat inconsistent with other studies that suggest a
negative association between IPV victimization and morning
cortisol levels (Seedat et al., 2003; Johnson et al., 2008).
Such inconsistencies may be partly due to the community
sample of couples employed in the present study, rather
than women recruited through service centers for battered
women (e.g., shelters). There is considerable evidence that
women who enter such agencies exhibit unique character-
istics (e.g., high levels of PTSD and depression), compared
with the broader population of women involved in IPV expe-
riences in the community (Galano et al., 2013). It should
also be noted that, although the present study employed
multivariate modeling techniques to simultaneously esti-
mate multiple aspects of diurnal cortisol patterns (e.g.,
level versus change in level across the day) and had a num-
ber of controls, some factors that have been linked to the
CAR (e.g., physical/psychiatric conditions, sleep quality and
duration) (Fries et al., 2009) were not controlled for, and
this may have contributed to the inconsistent results. The
impact of IPV victimization on the CAR definitely warrants
further research.

It is also worth noting that psychological victimization
was not related to any aspects of women’s diurnal cortisol
patterns. This is somewhat unexpected given the evidence
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on negative consequences of psychological victimization in
the literature. Psychological IPV usually occurs in tandem
with physical IPV (Hines and Saudino, 2003) and is asso-
ciated with a number of detrimental outcomes in women
— including psychosocial adjustment (e.g., depression and
substance use), poor physical health (e.g., chronic pain),
and poor cognitive functioning (see Lawrence et al., 2012).
In a preliminary analysis, we examined univariate effects
of psychological victimization and found that none of the
parameters of diurnal cortisol rhythms were influenced by
psychological victimization for either men or women. Many
of the existing studies did not consider both types of IPV
or did not differentiate types of IPV (Coker et al., 2002);
thus, deleterious effects of psychological IPV victimization
may have been somewhat confounded in those studies. It
is also possible that the pervasiveness of psychological IPV
in the relationships of the couples in the present sample
(Kim et al., 2008) have desensitized the couples to coercive
interaction patterns, rendering a non-significant association
between psychological IPV and diurnal cortisol patterns. In
prior work on the same group of men in their 20s, we found
that over 70% of the men reported psychological aggression
in their relationships, and this prevalence rate did not sig-
nificantly change over time (Kim et al., 2008; Shortt et al.,
2012). In the present study, 88% of the men and 86% of the
women reported psychological IPV victimization, suggest-
ing that prevalence of psychological IPV remains fairly high
among at-risk couples in the mid-30s. Because physical IPV
often co-occurs with psychological IPV, it may be difficult to
examine unique influences of psychological IPV victimization
on HPA axis activity.

Despite the fact that men had higher prevalence rates of
physical victimization than did women (Table 1), men’s phys-
ical victimization was not related to their diurnal cortisol
patterns. It is possible that the lack of association for men
may have been affected by the low convergence between
couples’ reports on physical IPV victimization for men, as
reported previously. However, this finding is indeed in line
with studies that have shown the quality of marital rela-
tionships (e.g., marital satisfaction) play a more significant
role for women’s diurnal cortisol patterns than for men’s
(e.g., Saxbe et al., 2008). It also fits with epidemiologi-
cal findings in the literature that men tend to benefit more
from being married but women’s health outcomes are more
closely associated with the quality of their relationships than
with just being married (Kiecolt-Glaser and Newton, 2001).
Nonetheless, little is known about associations between
victimization and diurnal cortisol for men. Further inves-
tigation of gender as a moderator of associations between
victimization and diurnal cortisol is warranted.

The finding that physical victimization is associated to
diurnal cortisol patterns for women may also be viewed as
in line with the existing findings that IPV victimization has
more deleterious health consequences for women than for
men (Coker et al., 2002; Lawrence et al., 2012). Research
has consistently indicated that the involvement in physical
IPV is associated with a greater burden for women; women
with IPV in their relationships are more likely to visit medical
health professionals, be diagnosed with psychiatric disorders
such as anxiety or depression, and to report higher levels of
stress. Stronger effects of IPV victimization on women’s diur-
nal cortisol patterns may indicate that such victimization

has a stronger detrimental effect on the body’s adaptation
to stress or allostatic load for women than for men (Saxbe
et al., 2008). Although the present study did not examine
subsequent health outcomes due to HPA axis dysregulation,
our findings thus suggest that one of the ways that physical
IPV victimization can lead to negative health outcomes such
as depression and anxiety in women may be via dysregula-
tion of the HPA axis system (Pico-Alfonso et al., 2004; Inslicht
et al., 2006). This also suggests that focusing on endocrine
processes such as the stress-linked HPA axis system may
further advance our understanding of gender-specific vul-
nerabilities to IPV-related health outcomes.

Although relationship satisfaction was negatively asso-
ciated with IPV victimization for both men and women,
it was not associated with diurnal cortisol for either men
or women (see Table 2). This is inconsistent with findings
from a study involving a small sample of middle-class dually
employed parents in which higher levels of women’s, but
not men’s marital satisfaction were associated with higher
morning cortisol values and steeper cortisol declines over
the day (Saxbe et al., 2008). However, differences in findings
may reflect demographic differences in study samples. The
limited research available on the role of relationship sat-
isfaction in associations between victimization and diurnal
cortisol patterns points to an area for further research. It is
also not clear why the number of children and the number of
hours that the partner worked were significantly associated
with men’s diurnal slopes only, and this warrants further
research.

4.1. Limitations

The present study involved multilevel modeling of cortisol
trajectories, which has several strengths (Hruschka et al.,
2005; Adam, 2006; Adam and Kumari, 2009). Nonetheless, it
is important to note that causal inferences are limited due
to the cross-sectional nature of the present study (i.e., data
on IPV and diurnal cortisol patterns were taken from a sin-
gle assessment). As such, we cannot rule out the possibility
that HPA axis activity influenced the involvement of physi-
cal victimization in couples. As suggested by Feinberg et al.
(2011) and others (e.g., Shoal et al., 2003; Shirtcliff et al.,
2005), individuals with dysregulated diurnal patterns of cor-
tisol (i.e., flatter diurnal patterns) may be more likely to use
physical violence against their partners in conflictual situa-
tions (Romero-Martinez et al., 2013, 2014). Alternatively,
it is possible that the association between IPV involvement
and HPA axis activity is bidirectional, leading to reciprocity
between the two processes (Granger et al., 1996). In addi-
tion, some factors that have been shown to be relevant
contributors to dysregulated HPA axis activity were not con-
trolled for, such as chronicity of IPV involvement (e.g.,
Johnson et al., 2008), PTSD (e.g., Inslicht et al., 2006),
social isolation (e.g., Grant et al., 2009), physical health
and sleep quality and duration, and chronic stress other
than exposure to IPV (e.g., poverty) (Fries et al., 2009).
Likewise, although we incorporated information from the
participants’ daily diary into the models, we were unable
to monitor wake time and saliva-collection times electron-
ically. It is also possible that some participants from highly
conflictual relationships or with hectic lives were also less
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compliant with the saliva protocol. In addition, given that
our measure of CAR was limited, the nonsignificant effect of
IPV victimization on women’s CAR should be interpreted with
caution. Likewise, gender differences in the effects of phys-
ical victimization on diurnal cortisol patterns appear to have
relatively small associations and thus replication is needed.
Finally, because of the limited sample size (N=122), we
were unable to control for multiple comparisons; thus, the
results should be interpreted with caution given the possible
inflation in the Type | error rate due to multiple hypothe-
ses tests. Furthermore, the limited ethnic/racial diversity
(primarily European Americans) and generally low levels of
physical IPV victimization in the present sample also should
be noted.

Despite these limitations, findings from the present study
provide additional empirical support for the proposed link
between the quality of romantic relationships and endocrine
processes (Robles and Kiecolt-Glaser, 2003; Robles et al.,
2006) and, more specifically, for the association between
physical IPV victimization on diurnal cortisol patterns in cou-
ples. Furthermore, the present study uniquely contributes to
the literature by examining both partners in the dyad rather
than women only. To our knowledge, the present study is one
of the first to examine effects of physical IPV victimization
on men’s and women'’s diurnal cortisol patterns in a commu-
nity sample of couples. Furthermore, we examined multiple
indicators of diurnal cortisol patterns by taking advantage of
salivary cortisol samples collected four times a day across
four consecutive days.

Physical victimization within romantic relationships can
be chronic and is likely an ongoing stressor for some couples
(Johnson et al., 2008; Kim et al., 2008). There is evidence
that dysregulated diurnal cortisol rhythms are related to
several physical and psychiatric disorders, including depres-
sion (Vrshek-Schallhorn et al., 2013), and that women tend
to experience more detrimental effects of IPV victimiza-
tion than do men (e.g., Ansara and Hindin, 2011). The
finding on the significant effects of physical victimization
on women’s flatter diurnal cortisol patterns provides crit-
ical insights into a potential mechanism that may explain
gender-specific vulnerability (e.g., depression) in response
to IPV. Future research should examine whether such flat-
ter diurnal cortisol patterns have significant implications
for women’s psychological and physical health. Research on
same-sex couples would also help further illuminate gender
differences in the effects of IPV victimization on endocrine
processes and subsequent health outcomes. In addition,
given recent studies on associations among testosterone lev-
els, immune functioning, and cortisol levels among male
IPV perpetrators, future research should include a focus on
the interplay between the immune and endocrine networks
as predictors as well as outcomes of IPV victimization and
perpetration in both men and women (Soler et al., 2000;
Montoya et al., 2012; Romero-Martinez et al., 2013, 2014).
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