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A B S T R A C T

Caregivers for spouses with Alzheimer’s disease and related dementias (ADRD) experience drastic changes in the
marital relationship that may put them at risk for worsening well-being. Perceived partner responsiveness, or
feeling cared for, understood, and appreciated by one’s spouse, may help mitigate these effects. In this study, we
investigated the associations between marital distress, perceived partner responsiveness, and psychological and
physiological well-being indicators among ADRD spousal caregivers.
Method: A sample of 161 caregivers provided blood samples and completed self-report measures of marital
distress, perceived partner responsiveness, and depressive symptoms. We tested hypotheses in our sample cross-
sectionally based on two theoretical frameworks.
Results: Testing the marital discord model of depression, caregivers who reported greater marital distress also
reported more depressive symptoms, and this association was stronger as participants reported lower perceived
partner responsiveness. Caregivers who reported greater marital distress exhibited elevated proinflammatory
cytokine production by in vitro lipopolysaccharide (LPS)-stimulated peripheral blood leukocytes at low levels of
perceived partner responsiveness, but not mean or high levels. Testing the vulnerability-stress-adaptation model,
caregivers who reported more depressive symptoms also reported greater marital distress. Further, caregivers
who exhibited elevated LPS-stimulated proinflammatory cytokine production reported greater marital distress at
mean and high levels of perceived partner responsiveness, but not low levels. These patterns of results held even
when accounting for the dementia stage and reported hours of caregiving per day.
Discussion: This study’s findings contribute to the body of research examining interpersonal factors that shape
health and well-being among the caregiver population.

1. Introduction

For many adults, marital relationships are one of the central re-
lationships in life; spouses constitute a significant source of social,
emotional, and financial support [1]. On average, married people are
healthier and live longer than people who are single, divorced, or wid-
owed [2,3]. However, there are variations in the quality of marriages;
unhappy, conflict-laden marriages may be less beneficial or even

harmful to well-being. Indeed, unhappier marriages are associated with
worse self-reported health and a greater mortality risk than happier
marriages [4].
Caregiving for a spouse with Alzheimer’s disease or a related de-

mentia (ADRD) is an immensely stressful experience associated with
drastic changes in the marital relationship. With the onset and pro-
gression of ADRD, caregivers report disruptions in the relationship,
including a lack of intimacy, difficulty feeling connected, changing roles
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and identities, and uncertainties surrounding the diagnosis and rela-
tionship [5,6]. Among interpersonal factors that may be important to the
caregiving experience, we focus on the potential role of perceived
partner responsiveness in altering the associations between marital
distress and well-being among caregivers.

1.1. Marital distress and well-being

Marital distress entails negative evaluations of one’s marital rela-
tionship, such as difficulties with communicating and problem-solving,
an inability to accept each other’s differences, and feeling dissatisfied
with the relationship [7,8]. The associations between marital distress
and worsening psychological well-being outcomes have been
well-documented among married adults [9]. Experiencing greater
marital distress is associated with more symptoms of depression [10], a
greater risk for mental health problems [11], and greater utilization of
mental health care services [12]. In the specific context of ADRD spousal
caregiving, experiencing marital distress may increase susceptibility to
the adverse effects of caregiving on psychological well-being among
caregivers. For instance, among caregivers, greater dissatisfaction with
the marital relationship is associated with more depressive symptoms
[13] and more significant caregiver burden [14]. Poor communication
between care partners can also contribute to more severe depressive
symptoms [15].
Experiencing marital distress may also be associated with worsening

physiological well-being. Inflammation is an immunological response to
physical injury or infection that promotes the production of proin-
flammatory cytokines, which recruit immune cells, facilitating, among
other things, pathogen destruction and wound healing [16]. Acute, local
inflammation in response to injury or infection can be beneficial; how-
ever, prolonged, low-grade inflammation is associated with harmful
impacts on health, including premature aging, increased mortality risk,
and chronic diseases and conditions of older adulthood [16,17].
Importantly, interpersonal stressors, such as receiving low social support
or being in hostile, conflict-filled relationships, are associated with
elevated proinflammatory cytokine production [16]. Among married
adults, lower marital quality (i.e., lower levels of social support and
higher levels of strain in the relationship) is associated with higher levels
of proinflammatory cytokine production [18]. In the context of care-
giving, ADRD spousal caregivers, compared to non-caregivers, exhibit
greater age-related elevations in proinflammatory cytokine production
[19]; stressors associated with the relationship may exacerbate eleva-
tions in proinflammatory cytokine production.

1.2. Perceived partner responsiveness

Although caregiving for a spouse with ADRD can be detrimental to
well-being, some caregivers may fare better than others. One factor that
might be important to caregivers’ well-being is perceived partner
responsiveness, or the extent to which individuals feel cared for, under-
stood, and appreciated by their romantic partners [20]. Greater
perceived partner responsiveness is associated with more affectionate
touch [21], fewer sleep problems [22], and greater longitudinal in-
creases in eudaimonic (associated with purpose and meaning in life)
well-being [23]. Furthermore, prior studies have considered perceived
partner responsiveness as an important interpersonal process that may
buffer the detrimental impacts of stress on functioning and well-being;
perceived partner responsiveness has been shown to attenuate the ef-
fects of depressive symptoms and stress on marital adjustment [24] and
the impact of loneliness, financial strain, and stress on relationship
quality [25]. In this study, we utilize a similar conceptual and analytical
approach by considering perceived partner responsiveness as an
important moderator of the associations between marital distress and
well-being among ADRD spousal caregivers.
Although less empirical work examines perceived partner responsi-

veness’s role in caregiving relationships, some prior studies suggest that

caregivers and care recipients may benefit from partners’ responsiveness
[26,27]. For instance, care recipients who report greater responsiveness
from their caregiver partners also report being more satisfied with the
relationship [26]. More open communication between care partners is
associated with greater perceived responsiveness, which, in turn, is
associated with more intimacy [27]. However, these studies primarily
focus on contexts of general informal caregiving or spousal caregiving
for other conditions (e.g., Parkinson’s disease), and the role of perceived
partner responsiveness in ADRD spousal caregiving relationships re-
mains largely unexplored. People with dementia experience behavioral
changes over time that can impede their ability to be responsive to
caregiving partners [28]; however, caregivers’ perceptions of closeness
with their partner also influence disease progression and thus warrant
further exploration [29]. Furthermore, little work has been done to
assess the impacts of perceived partner responsiveness on physiological
well-being. One study found evidence of a beneficial effect of perceived
partner responsiveness on waking cortisol levels and diurnal cortisol
slopes [30].

1.3. The marital discord model of depression

A growing body of research documents evidence of the effects of
marital distress on well-being. Themarital discord model of depression is a
useful theoretical framework that describes the influence of difficulties
in marital relationships on depressive symptoms through hostile and
unsupportive behaviors [31]. Much empirical research has focused on
the associations between marital distress and depressive symptoms;
greater marital distress is associated with more depressive symptoms
cross-sectionally and also predicts later increases in depressive symp-
toms [9]. Some work has also been done to expand the marital discord
model of depression to consider the impacts of marital distress on
physiological well-being outcomes. Hostile interactions between spou-
ses, an important indicator of marital distress, predict higher levels of
inflammatory markers and slower wound healing, compared to
non-hostile interactions [32]. However, much fewer studies have tested
the marital discord model of depression in the context of caregiving.
Prior research has also not yet examined the potential role of perceived
partner responsiveness in influencing the link between marital distress
and well-being outcomes.
Thus, in this study, we sought to test and extend the marital discord

model of depression by investigating the role of perceived partner
responsiveness in influencing both psychological (i.e., depressive
symptoms) and physiological (i.e., inflammation) well-being outcomes
among ADRD spousal caregivers. We expected that greater marital
distress would be associated with poorer psychological and physiolog-
ical well-being and that these associations would depend on levels of
perceived partner responsiveness. Specifically, we hypothesized that
greater marital distress would be positively associated with depressive
symptoms (H1a) and proinflammatory cytokine production by in vitro
lipopolysaccharide (LPS)-stimulated peripheral blood leukocytes (H1b).
Focusing on the interaction between marital distress and perceived
partner responsiveness, we expected that experiencing low levels of
perceived partner responsiveness would exacerbate the potential
adverse effects of marital distress on well-being. Thus, we hypothesized
that caregivers who report lower levels of perceived partner respon-
siveness, relative to those who report higher levels of perceived partner
responsiveness, would exhibit stronger associations between marital
distress and depressive symptoms (H2a) and LPS-stimulated proin-
flammatory cytokine production (H2b).

1.4. The vulnerability-stress-adaptation model

Although the effects of marital quality on well-being is well known,
prior studies have also provided evidence for a bidirectional relation-
ship, such that well-being may also have important influences on later
marital outcomes. Based on the vulnerability-stress-adaptation (VSA)
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model [33], enduring vulnerabilities are relatively stable characteristics
that each spouse brings into the marriage. When confronted with
stressful events, these personal characteristics interact with adaptive
processes unfolding within the marriage to shape evaluations of the
marital relationship over time. Indeed, existing vulnerabilities and
stressors may influence someone’s perceptions of and behaviors toward
their spouse [34]. Prior studies have focused on depressive symptoms as
an enduring vulnerability, such that spouses experiencing more symp-
toms of depression also report being less satisfied with their marriages
and experience declining marital adjustment over time, relative to those
reporting less symptoms of depression [24,35]. We might also expect
that inflammation may be a potential enduring vulnerability; height-
ened inflammation may influence social behaviors in ways that
contribute to negative interactions and experiences with one’s spouse.
For instance, more elevated levels of proinflammatory cytokine pro-
duction in response to an acute inflammatory challenge have been
shown to induce greater feelings of social disconnection from others and
a more depressed mood compared to less elevated cytokine production
[36].
In the context of spousal caregiving (a significant stressor), care-

givers’ personal vulnerabilities may interact with adaptive processes in
the caregiving relationship to influence caregivers’ evaluations of their
marital relationships. In line with the VSA model, we also investigated
the potential role of depressive symptoms and LPS-stimulated proin-
flammatory cytokine production as vulnerabilities shaping marital
distress among caregivers. We also consider perceived partner respon-
siveness as an adaptive process within the marriage that may influence
the effects of caregiver well-being on martial distress. We expected that
poorer caregiver well-being would be associated with greater marital
distress and that these associations would depend on levels of perceived
partner responsiveness. Specifically, we hypothesized that more
depressive symptoms (H3a) and greater LPS-stimulated proin-
flammatory cytokine production (H3b) would be positively associated
with marital distress. We also hypothesized that caregivers who report
higher levels of perceived partner responsiveness, relative to those who
report lower levels, would exhibit weaker associations between
depressive symptoms (H4a) or LPS-stimulated proinflammatory cyto-
kine production (H4b) and marital distress.

2. Methods

2.1. Participants

A sample of 161 ADRD spousal caregivers (see Table 1 for sample
characteristics) was recruited as part of a larger longitudinal cohort
study investigating factors influencing risk and resilience to the adverse
effects of dementia caregiving on physical health. Participants were
recruited from the community through approved access to patient por-
tals and clinic schedules, referrals from treating physicians, newspaper
advertisements, social media postings, and flyers. The local Institutional
Review Board approved all recruitment strategies.
Interested participants completed a screening form over the phone

and were considered eligible if they self-identified as the primary person
caring for their spouse with dementia, devoted at least 4 h daily to
caregiving, and had been married (or in a long-term committed part-
nership) for at least three years. Participants were excluded if they had
Stage IV cancer. Participants completed medical release forms allowing
for a dementia diagnosis to be confirmed by patients’ care providers. All
participants consented to the study procedures.

2.2. Procedure

Participants completed in-person visits led by trained research as-
sistants and staff either in the laboratory or at their homes. Prior to their
visits, participants were asked to follow dietary and behavioral guide-
lines to minimize potential confounds to biological data. Participants

were also asked to refrain from consuming alcohol 48 h before their
visits, as well as caffeine and high-fat food the morning of their visit.
Research assistants provided reminders of these guidelines within 1–2
business days before the visit. Participants completed self-report ques-
tionnaires, health assessments, and blood draws during the in-person
visit. Research assistants obtained height and weight measurements.
Participants received compensation upon completion of their visits.

2.3. Measures

2.3.1. Marital distress
The 4-item Couple Satisfaction Index (CSI-4) was used to measure

participants’ general evaluations of their relationship with their partners
[7]. Respondents reported the degree of happiness of their relationship
on a 0 (Extremely unhappy) to 6 (Perfect) scale and answered three
questions about their relationship (e.g., “How rewarding is your rela-
tionship with your partner?“) on a 0 (Not at all) to 5 (Completely) scale.
The four items demonstrated excellent internal consistency (α = .91); for
the purpose of this study, the items were coded such that higher scores
indicated greater marital distress and lower scores indicated lower
marital distress.

2.3.2. Perceived partner responsiveness
Three items revised from the positive spouse interaction items from

Schuster et al. [37] were used as a measure of perceived partner
responsiveness. These items have been used in previous studies of
perceived partner responsiveness [23] and correspond to the compo-
nents of perceived partner responsiveness described in the literature
[20]. Respondents indicated the extent to which they felt certain ways
about their spouses (e.g., “How much does your spouse or partner really
care about you?“) on a scale from 1 (Not at all) to 4 (A lot). The three
items demonstrated good internal consistency (α = .80) and were
summed to obtain an overall perceived partner responsiveness score,
where higher scores indicated greater perceived partner responsiveness
and lower scores indicated lower perceived partner responsiveness.

2.3.3. Depressive symptoms
The Center for Epidemiologic Studies Depression Scale (CES-D) was

used as a measure to assess participants’ depressive symptoms [38].
Respondents indicated the extent to which they felt certain ways in the

Table 1
Descriptive statistics for study sample.

Variable M (SD) or Number (%)

Age 71.27 (7.98)
Gender
Male 45 (27.95)
Female 116 (72.05)

Race
White 134 (83.23)
Black or African American 20 (12.42)
Asian 4 (2.48)
Other 3 (1.86)

Education
Less Than 7 Years 1 (0.63)
High School Graduate 20 (12.66)
Up to 3 Years of College 21 (13.29)
At Least 3 Years of College 28 (17.72)
Graduate or Professional Training 88 (55.70)

BMI 29.15 (6.44)
Inflammation-related medications
No 49 (31.21)
Yes 108 (68.79)

Marital distress 11.57 (5.21)
Perceived partner responsiveness 9.63 (2.30)
Depressive symptoms 11.55 (9.65)

Note.M and SD are used to represent mean and standard deviation, respectively,
and are reported for all continuous variables.
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past week (e.g., “I was bothered by things that usually don’t bother me”)
on a 0 (Rarely or none of the time) to 3 (Most or all of the time) scale. The 20
items, after reverse-scoring the appropriate items, demonstrated excel-
lent internal consistency (α = .91) and were summed to obtain an overall
depressive symptomatology score, where higher scores indicated greater
depressive symptomatology and lower scores indicated less depressive
symptomatology.

2.3.4. Proinflammatory cytokine production by In vitro lipopolysaccharide-
stimulated peripheral blood leukocytes
To assess participants’ levels of proinflammatory cytokine produc-

tion by in vitro LPS-stimulated peripheral blood leukocytes, we per-
formed whole blood cultures stimulated with LPS to investigate the
capacity of monocytes, a type of white blood cell, to produce the cyto-
kines mentioned below in response to an immunological challenge. The
proinflammatory cytokines assessed included interleukin-6 (IL-6),
tumor necrosis factor-alpha (TNF-α), and interleukin-1β (IL-1β). LPS-
stimulated proinflammatory cytokine production was assessed by hep-
arinized whole blood diluted 1:10 with RPMI-1640 (Gibco) and stimu-
lated with 1 ng/mL LPS (Sigma) at 37 ◦C and 5 % CO2 for 16–18 h.
Supernatants were collected after 16–18 h of culture and stored at
− 80 ◦C until analyzed using a multiplex cytokine assay according to the
manufacturer’s instructions (Millipore Sigma).
As multiple proinflammatory cytokines serve as indicators of in-

flammatory signaling, we created a composite index of proinflammatory
markers to minimize Type I error associated with repeated hypothesis
testing of individual biomarkers. Composite variables are commonly
used for controlling Type I error rate, such as when sample size is
insufficient for testing multiple comparisons, and for organizing highly
correlated variables into a more meaningful construct [39]. This
approach has been established and used in prior research [40,41]. For
each individual cytokine, z-scores were calculated from natural
log-transformed values and averaged to create a composite inflamma-
tory index for each participant. The composite, which included the
proinflammatory cytokines IL-6, TNF-α, and IL-1β, had a Cronbach’s
alpha of 0.86. The composite inflammatory index was used in all pri-
mary analyses, and cytokines were analyzed individually for analyses
with the composite index that were significant.

2.3.5. Covariates
Demographic factors, body mass index (BMI), and inflammation-

related medications were also included in statistical models as cova-
riates, which were selected a priori based on standard recommendations
in the field of psychoneuroimmunology [42]. Participants provided
self-reports of their age, gender, and the number of hours spent care-
giving per day. BMI was computed as participants’ weight in kilograms
divided by their height in meters squared. Inflammation-related medi-
cation (i.e., aspirin, statins, hypertensive medications, and/or antide-
pressants) use was coded as a binary variable. Dementia diagnosis was
obtained from care providers’ records. Participants completed the
Charlson Comorbidity Index [43], from which a combined score was
obtained as a total of participants’ comorbid conditions which have been
weighted.

2.4. Statistical analyses

An a priori power analysis that was conducted prior to the study
using the pwr package in R (v1.3.0) [44] indicated that a minimum of
114 participants was required in order to have 80 % power for detecting
a medium-sized effect (f2 = 0.15) when employing the traditional 0.05
criterion of statistical significance. Thus, the obtained sample size was
sufficient to detect the study hypotheses. We assessed descriptive sta-
tistics and natural log-transformed proinflammatory markers, as they
were positively skewed. Prior to conducting linear regression analyses,
we checked assumptions of linearity, normality, homoscedasticity, and
multicollinearity. All assumptions were met.

All analyses were performed using the R Statistical Software (v4.3.1)
[45]. In order to retain as much information as possible from the data
set, we accounted for missing data by using full-information maximum
likelihood, which estimates parameters based on the observed data [46].
Full-information likelihood is superior to listwise deletion for handling
missing data, is robust against non-normality, and performs well when
data are missing at random, even with low sample sizes [47]. All models
were fit using full-information maximum likelihood with the lavaan
(v0.6.16) [48] and semTools packages (v0.5.6) [49] in R. Using this
approach, the F-test is not appropriate. Thus, all analyses presented in
the following sections were also conducted using ordinary least squares
regression with listwise deletion. This approach has been previously
used in prior research [50]. Based on this procedure, the significant
relationships presented in the following sections were unchanged.
To test our study hypotheses based on the marital discord model of

depression, we conducted multiple linear regressions to assess the re-
lationships between marital distress, perceived partner responsiveness,
and depressive symptoms (H1a and 2a) or the composite inflammatory
index (H1b and 2b). To test our study hypotheses based on the VSA
model, we also conducted multiple linear regressions to assess the re-
lationships between perceived partner responsiveness, depressive
symptoms (H3a and 4a) or the composite inflammatory index (H3b and
4b), and marital distress. All models included age, gender, race, and
education as covariates. Models with the composite inflammatory index
as the outcome variable also included BMI and inflammation-related
medications as covariates. In addition, exploratory analyses were con-
ducted post hoc for primary analyses with the composite inflammatory
index as the outcome variable that were significant. We performed these
analyses using the individual proinflammatory cytokines.

3. Results

Descriptive statistics for the sample and variables of interest are re-
ported in Table 1; zero-order correlations among study variables of in-
terest are reported in Table 2. Regression results for all primary analyses
are reported in Tables 3 and 4. Scatter plots are provided for the asso-
ciations between marital distress and perceived partner responsiveness
(Supplementary Fig. 1), depressive symptoms and perceived partner
responsiveness (Supplementary Fig. 2), and the composite inflammatory
index and perceived partner responsiveness (Supplementary Fig. 3) for
reference.

3.1. Primary analyses

3.1.1. The marital discord model of depression
To assess the link between marital distress and well-being in care-

givers based on the marital discord model of depression (Table 3), we
first conducted multiple linear regressions to assess the associations
between marital distress and depressive symptoms (1a) and the com-
posite inflammatory index (1b). In the model testing Hypothesis 1a,
greater marital distress was significantly associated with more depres-
sive symptoms (p < .001), such that those who reported greater marital
distress also reported more depressive symptoms compared to those
reporting less marital distress. In the model testing Hypothesis 1b,
marital distress was not significantly associated with levels of the
composite inflammatory index (p = .06).
We then conducted multiple linear regressions to assess the associ-

ations between marital distress, perceived partner responsiveness, and
depressive symptoms (2a) and the composite inflammatory index (2b).
In the model testing Hypothesis 2a, the interaction term representing

marital distress and perceived partner responsiveness was significantly
associated with depressive symptoms (p = .021). In the analysis of the
simple slopes, as shown in Fig. 1, we found that greater marital distress
was significantly associated with more depressive symptoms among
caregivers reporting low (− 1 SD below average; b= 1.05, SE= 0.22, p<
.001), mean (b = 0.76, SE = 0.18, p < .001), and high (+1 SD above
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average; b = 0.47, SE = 0.22, p = .035) levels of perceived partner
responsiveness. At low, mean, and high levels of perceived partner
responsiveness, those who reported greater marital distress also re-
ported more depressive symptoms, compared to those who reported less
marital distress.
In the model testing Hypothesis 2b, the interaction term representing

marital distress and perceived partner responsiveness was significantly
associated with the composite inflammatory index (p = .046). In the
simple slopes analysis, as shown in Fig. 2, we found that greater marital
distress was significantly associated with higher levels of the composite
inflammatory index among caregivers reporting low levels of perceived
partner responsiveness (b = 0.07, SE = 0.03, p = .007). At low levels of
perceived partner responsiveness, those who reported greater marital
distress also exhibited elevated LPS-stimulated proinflammatory cyto-
kine production, compared to those who reported less marital distress.
However, marital distress was not significantly associated with the

composite inflammatory index among caregivers reporting average (p =
.08) and high (p = .86) levels of perceived partner responsiveness.

3.1.2. The vulnerability-stress-adaptation model
To assess the link between enduring vulnerabilities and marital

distress in caregivers based on the VSA model (Table 4), we conducted
multiple linear regressions to assess the associations between depressive
symptoms (H3a) or the composite inflammatory index (H3b) and
marital distress. In the model testing Hypothesis 3a, more depressive
symptoms were associated with greater marital distress (p < .001), such
that those who reported more depressive symptoms also reported
greater marital distress compared to those reporting less depressive

Table 2
Zero-order correlations among primary study variables and covariates.

Variable 1 2 3 4 5 6 7 8 9

1. Marital distress         
2. Perceived partner responsiveness − 0.66**        
3. Depressive symptoms 0.40** − 0.24**       
4. Composite inflammatory index 0.21* − 0.16 0.12      
5. IL-6 0.23* − 0.17 0.11 0.91**     
6. TNF-α 0.16 − 0.09 0.16 0.88** 0.70**    
7. IL-1β 0.17 − 0.18 0.04 0.88** 0.71** 0.64**   
8. Age − 0.06 0.11 − 0.12 0.17 0.14 0.13 0.18*  
9. Education − 0.02 − 0.06 − 0.05 0.03 − 0.06 0.06 0.07 0.09 
10. BMI 0.00 − 0.07 0.13 0.15 0.16 0.08 0.17 − 0.11 − 0.22**

Note.*p < .05.
**p < .01.

Table 3
Results of regressions predicting depressive symptoms and the composite in-
flammatory index.

Predictors Depressive Symptoms Composite
Inflammatory Index

b (SE) b (SE) b (SE) b (SE)

Age − 0.14
(0.09)

− 0.14
(0.09)

0.02
(0.01)*

0.02
(0.01)*

Sexa − 0.59
(1.65)

− 0.76
(1.63)

− 0.06
(0.19)

− 0.06
(0.18)

Race
White − 0.25

(11.15)
− 0.55
(10.96)

0.52
(0.60)

0.46
(0.60)

Black or African
American

4.79
(11.34)

4.57
(11.14)

0.72
(0.69)

0.70
(0.68)

Asian − 1.43
(9.94)

− 1.39
(9.76)

0.89
(0.67)

0.86
(0.66)

Other − 6.28
(9.98)

− 5.96
(9.80)

0.21
(0.70)

0.23
(0.69)

Education − 0.47
(0.65)

− 0.38
(0.64)

0.01
(0.08)

0.03
(0.08)

BMI   0.01
(0.01)

0.02
(0.01)

Inflammation-related
medicationsb

  0.23
(0.20)

0.2
(0.20)

Marital distress 0.76
(0.19)***

1.97
(0.55)***

0.04
(0.02)

0.17
(0.07)*

Perceived partner
responsiveness

0.24 (0.41) 2.01
(0.87)*

− 0.01
(0.05)

0.18
(0.10)

Marital distress x Perceived
partner responsiveness

 − 0.13
(0.05)*

 − 0.01
(0.01)*

Note.
* p < .05. ** p < .01. *** p < .001.
a Sex is coded so 0 = male and 1 = female.
b Inflammation-related medications are coded such that 0 = Not taking
medications and 1 = taking medications.

Table 4
Results of regressions predicting marital distress.

Predictors Marital Distress

b (SE) b (SE) b (SE) b (SE)

Age 0.03
(0.04)

0.04
(0.04)

0.01
(0.04)

0 (0.04)

Sexa 1.74
(0.67)*

1.77
(0.67)**

1.64
(0.71)*

1.35
(0.71)

Race
White 0.11

(4.65)
0.33
(4.63)

− 0.66
(4.95)

− 1.2
(4.85)

Black or African-
American

0.78
(4.72)

1.19
(4.71)

0.59
(5.08)

0.08
(4.97)

Asian 0.42
(4.14)

0.69
(4.13)

− 0.52
(4.43)

− 0.81
(4.33)

Other − 1.01
(4.16)

− 0.91
(4.14)

− 2.57
(4.4)

− 2.51
(4.29)

Education − 0.22
(0.27)

− 0.21
(0.27)

− 0.38
(0.29)

− 0.4
(0.29)

BMI   − 0.05
(0.05)

− 0.07
(0.05)

Inflammation-related
medicationsb

  − 1 (0.73) − 1.13
(0.71)

Perceived partner
responsiveness

− 1.38
(0.13)***

− 1.55
(0.19)***

− 1.47
(0.14)***

− 1.44
(0.13)***

Depressive symptoms 0.13
(0.03)***

0.03
(0.09)

 

Depressive Symptoms x
Perceived partner
responsiveness

 0.01
(0.01)

 

Composite inflammatory
index

  0.77 (0.4) 4.42
(1.53)**

Composite inflammatory
index x Perceived
partner responsiveness

   − 0.37
(0.15)*

Note.*p < .05.
**p < .01.
***p < .001.
a Sex is coded so 0 = male and 1 = female.
b Inflammation-related medications are coded such that 0 = Not taking
medications and 1 = taking medications.
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symptoms. In the model testing Hypothesis 3b, the composite inflam-
matory index was not significantly associated with marital distress (p =
.06).
We then conducted multiple linear regressions to assess the associ-

ations between depressive symptoms (H4a), the composite inflamma-
tory index (H4b), perceived partner responsiveness, and marital distress.
In the model testing Hypothesis 4a, the interaction term representing

depressive symptoms and perceived partner responsiveness was not
significantly associated with marital distress (p = .30).
In the model testing Hypothesis 4b, the interaction term representing

the composite inflammatory index and perceived partner responsiveness
was significantly associated with marital distress (p = .014). In the
simple slopes analysis, as shown in Fig. 3, we found that higher levels of

the composite inflammatory index were associated with greater marital
distress among caregivers reporting low (b = 1.72, SE = 0.55, p = .002)
and mean (b = 0.87, SE = 0.39, p = .028) levels of perceived partner
responsiveness. At low and mean levels of perceived partner respon-
siveness, those who exhibited greater LPS-stimulated proinflammatory
cytokine production reported greater marital distress compared to those
exhibiting lower cytokine production. The composite inflammatory
index was not significantly associated with marital distress at high levels
of perceived partner responsiveness (p = .98).

3.2. Post hoc analyses

All primary analyses were conducted with average number of hours

Fig. 1. Interaction of the Effects of Marital Distress and Perceived Partner Responsiveness on Depressive Symptoms Note. * indicates significant simple slopes.

Fig. 2. Interaction of the Effects of Marital Distress and Perceived Partner Responsiveness on the Composite Inflammatory Index Note. * indicates significant
simple slopes.
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spent caregiving per day, dementia diagnosis, and caregiver comorbid-
ities as covariates to account for their potential influences on our vari-
ables of interest. Based on the results of these models, the significant
relationships presented in the previous section were unchanged.

3.2.1. The marital discord model of depression
As the interaction term representing marital distress and perceived

partner responsiveness was significantly associated with the composite
inflammatory index in our analyses testing the marital discord model of
depression, we additionally conducted individual analyses with LPS-
stimulated IL-6, TNF-α, and IL-1β as outcome variables.
We found that the interaction term representing marital distress and

perceived partner responsiveness was significantly associated with
levels of LPS-stimulated IL-6 (b = − 0.01, SE = 0.01, p = .046). In the
simple slopes analysis, we found that greater marital distress was asso-
ciated with elevated levels of LPS-stimulated IL-6 in caregivers reporting
low levels of perceived partner responsiveness (b = 0.05, SE = 0.02, p =
.005). At low levels of perceived partner responsiveness, those who re-
ported greater marital distress also exhibited elevated LPS-stimulated IL-
6. However, marital distress was not associated with levels of LPS-
stimulated IL-6 in caregivers reporting mean (p = .06) and high levels
of perceived partner responsiveness (p = .78).
We also found that the interaction term representing marital distress

and perceived partner responsiveness was significantly associated with
levels of LPS-stimulated TNF-α (b = − 0.01, SE = 0.01, p = .050). In the
simple slopes analysis, greater marital distress was associated with
elevated levels of LPS-stimulated TNF-α among caregivers reporting low
levels of perceived partner responsiveness (b = 0.04, SE = 0.02, p =

.012). At low levels of perceived partner responsiveness, those who re-
ported greater marital distress also exhibited elevated LPS-stimulated
TNF-α. However, marital distress was not associated with levels of
LPS-stimulated TNF-α among caregivers reporting mean (p = .12) and
high (p = .98) levels of perceived partner responsiveness.
Finally, we found that the interaction term representing marital

distress and perceived partner responsiveness was not significantly
associated with levels of LPS-stimulated IL-1β (p = .18).
To further probe the significant interaction effects of marital distress

and perceived partner responsiveness on depressive symptoms or the
composite inflammatory index, we additionally conducted simple slopes
analyses to assess the effects of perceived partner responsiveness on
depressive symptoms or the composite inflammatory index at low,
mean, and high levels of marital distress.
In the simple slopes analysis with depressive symptoms as the

outcome, as shown in Supplementary Fig. 4, we found that greater
perceived partner responsiveness was associated with more depressive
symptoms among caregivers reporting low levels of marital distress (b=
1.21, SE = 0.59, p = .038). At low levels of a marital distress, caregivers
who reported greater perceived partner responsiveness also reported
more depressive symptoms, compared to those who reported lower
perceived partner responsiveness. Perceived partner responsiveness was
not significantly associated with depressive symptoms at mean (p = .19)
and high (p = .82) levels of marital distress.
In the simple slopes analysis with the composite inflammatory index

as the outcome, as shown in Supplementary Fig. 5, we found that
perceived partner responsiveness was not significantly associated with
the composite inflammatory index at low (p = .19), mean (p = .72), and
high (p = .29) levels of marital distress.

3.2.2. The vulnerability-stress-adaptation model
As the interaction term representing the composite inflammatory

index and perceived partner responsiveness was significantly associated
with marital distress in our analyses testing the VSA model, we also
additionally conducted individual analyses with the interaction term
representing perceived partner responsiveness and LPS-stimulated IL-6,
TNF-α, and IL-1β, respectively, predicting marital distress.
We found that the interaction term representing LPS-stimulated TNF-

α and perceived partner responsiveness was significantly associated with
marital distress (b = − 0.48, SE = 0.21, p = .025). In the simple slopes
analysis, elevated levels of LPS-stimulated TNF-α were associated with
greater marital distress among caregivers reporting low levels of
perceived partner responsiveness (b= 2.05, SE= 0.74, p= .006). At low
levels of perceived partner responsiveness, those who exhibited higher
levels of LPS-stimulated TNF-α also reported greater marital distress
compared to those exhibiting lower levels of LPS-stimulated TNF-α.

Fig. 3. Interaction of the Effects of the Composite Inflammatory Index and Perceived Partner Responsiveness on Marital Distress Note. * indicates significant
simple slopes.
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However, levels of LPS-stimulated TNF-α were not significantly associ-
ated with marital distress among caregivers reporting mean (p = .10) or
high (p = .84) levels of perceived partner responsiveness.
We also found that the interaction term representing LPS-stimulated

IL-1β and perceived partner responsiveness was significantly associated
with marital distress (b = − 0.48, SE = 0.21, p = .019). In the simple
slopes analysis, elevated levels of LPS-stimulated IL-1β were associated
with greater marital distress among caregivers reporting low levels of
perceived partner responsiveness (b= 2.05, SE= 0.75, p = .007). At low
levels of perceived partner responsiveness, those who exhibited higher
levels of LPS-stimulated IL-1β also reported greater marital distress
compared to those exhibiting lower levels of LPS-stimulated IL-1β.
However, levels of LPS-stimulated IL-1β were not significantly associ-
ated with marital distress among caregivers reporting mean (p = .06) or
high (p = .79) levels of perceived partner responsiveness.
Finally, we found that the interaction term representing LPS-

stimulated IL-6 and perceived partner responsiveness was not signifi-
cantly associated with marital distress (b = − 0.46, SE = 0.24, p = .058).
To further probe the significant interaction effect of the composite

inflammatory index and perceived partner responsiveness on marital
distress, we additionally conducted a simple slopes analysis to assess the
effects of perceived partner responsiveness on marital distress at low,
mean, and high levels of the composite inflammatory index.
In the simple slopes analysis, as shown in Supplementary Fig. 6, we

found that greater perceived partner responsiveness was associated with
lower marital distress among caregivers reporting low (b = − 1.11, SE =

0.20, p < .001), mean (b = − 1.44, SE = 0.13, p < 001), and high (b =

− 1.77, SE= 0.18, p < .001) levels of the composite inflammatory index.
At low, mean, and high levels of the composite inflammatory index,
caregivers who reported greater perceived partner responsiveness also
reported less marital distress, compared to those who reported lower
perceived partner responsiveness.

4. Discussion

In this study, we examined the influence of perceived partner
responsiveness on well-being among caregivers of spouses living with
ADRD. We tested hypotheses based on two theoretical frameworks,
focusing on the potential bidirectional interplay between marital distress
and outcomes of psychological and physiological well-being and how
feeling cared for, understood, and appreciated by one’s spouse may alter
these associations. Drawing from the literature on marital relationships,
we surmised that experiencing low perceived partner responsiveness
would exacerbate the potential negative consequences of marital distress
on well-being among ADRD spousal caregivers; our hypotheses based on
the marital discord model of depression stated that caregivers who report
lower perceived partner responsiveness should exhibit stronger associa-
tions between marital distress and depressive symptoms or LPS-stimulated
proinflammatory cytokine production compared to those reporting higher
perceived partner responsiveness. Drawing from the VSA model, we
reasoned that perceived partner responsiveness may serve as an adaptive
process that interacts with enduring vulnerabilities within the marital
relationship to shape caregivers’ evaluations of the marriage; our hy-
potheses based on the VSAmodel stated that caregivers who report greater
perceived partner responsiveness should exhibit weaker associations be-
tween depressive symptoms or LPS-stimulated proinflammatory cytokine
production and marital distress compared to those reporting lower
perceived partner responsiveness.
Our findings aligned with the marital discord model of depression,

which describes the link between difficulties in marital relationships and
depressive symptoms through hostile and unsupportive behaviors [31].
Consistent with the model, we found that, among our sample, greater
marital distress was associated with more depressive symptoms.
Further, our findings contribute to the literature by extending the
marital discord model of depression in two important ways. In this
study, we found that the positive association between marital distress

and depressive symptoms was stronger among caregivers reporting
lower levels of perceived partner responsiveness compared to those
reporting higher levels of perceived partner responsiveness. In other
words, we found that spousal caregivers who feel less cared for, un-
derstood, and appreciated by care partners may be particularly sus-
ceptible to the negative consequences associated with marital distress to
well-being compared to caregivers who experience greater perceived
partner responsiveness from spouses. By focusing on inflammation as an
outcome, we also extend the model to consider the potential adverse
physiological consequences of marital difficulties. Future work may
elaborate on these findings by focusing on how interpersonal charac-
teristics of the marital relationship impact the well-being of both spouses
in the context of the ADRD caregiving relationship, such as by exam-
ining actor-partner effects or directly observing partner interactions, as
has been done in prior work examining marital relationships [51].
However, this research should also account for changes in the marital
relationship over time, such as how dementia progression may lead to
shifts in marital roles or impact the quality of partner interactions.
Our findings also aligned with the VSA model. Although we did not

find evidence that depressive symptoms interacted with perceived
partner responsiveness to shape caregivers’ evaluations of the marital
relationship, we found that levels of proinflammatory cytokine pro-
duction interacted with perceived partner responsiveness to shape
marital distress among our sample of caregivers. Specifically, among
caregivers, elevated levels of proinflammatory cytokine production
were associated with greater marital distress, and this association was
weaker among caregivers who reported higher levels of perceived
partner responsiveness. These findings are consistent with prior research
considering perceived partner responsiveness as an important adaptive
process within the marriage that may attenuate the effects of enduring
vulnerabilities and stressors on evaluations of the marital relationship
[24]. However, we also extend the VSA model to consider how height-
ened inflammation may shape evaluations of the marital relationship in
the context of caregiving for a spouse with ADRD. As inflammation may
increase neural sensitivity to both negative and positive social stimuli
[52], the effects of heightened inflammation on marital distress may
depend on differences in how caregivers perceive care partners’
responsiveness. Future studies may further elaborate on these findings
by utilizing experimental paradigms that induce heightened inflamma-
tion and allow for assessing potential changes in caregivers’ evaluations
of their partners’ responsive behavior as a result.
The strengths of our study include a rigorous methodology utilizing a

biopsychosocial approach to understanding the factors influencing well-
being among caregivers. In this study, we utilized LPS-stimulated proin-
flammatory cytokine production as an index of chronic inflammation. Our
findings are in line with several studies that have shown similar associa-
tions between LPS-stimulated proinflammatory cytokine production and
depressive symptoms [53]. As we investigated the potential associations
between marital relationship characteristics and psychological (i.e.,
depressive symptoms) and physiological (i.e., inflammation) health out-
comes, we add to the literature seeking to disentangle why some ADRD
spousal caregivers are more at risk of poor health compared to other
caregivers. Much biopsychosocial work on dementia spousal caregivers
has focused on how they differ from matched comparisons. Yet, it is crit-
ical to understand the factors that contribute to the subset of dementia
spousal caregivers who are most at risk for chronic health problems.
These findings, however, must be considered in light of several limi-

tations. First, we cannot infer causal relationships between the study
variables, as we utilized cross-sectional data. Future studies should use
longitudinal designs to establish temporal precedence and better charac-
terize the relationships between marital distress, perceived partner
responsiveness, and well-being among caregivers. Studies utilizing longi-
tudinal designs may also allow for assessing and comparing changes in
levels of proinflammatory cytokine production over time, as has been done
in studies assessing age-related increases in proinflammatory cytokine
production among caregivers [19]. Further, our study was also limited by
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our sample composition, which was predominantly female and of rela-
tively high socioeconomic status. However, women are more likely to take
on the role of caregiver for someone living with dementia; about
two-thirds of dementia caregivers are women [54]. Another limitation of
the study is that our sample predominantly consisted of White partici-
pants. Future research should consider how the experience of ADRD
spousal caregiving varies across racial, ethnic, and cultural groups, as
previous studies have reported differences in caregiver stress and coping
[55].
We also recognize that our study may have been insufficiently

powered to detect an interaction effect between marital distress and
perceived partner responsiveness, which could also have contributed to
the unexpected patterns of results. Other studies examining interactions
similar to those in this study have demonstrated small to moderate-sized
effects [25,56]. Indeed, a post hoc power analysis conducted using the
pwr package in R (v1.3.0) [44] indicated that we had 18 % power for
detecting a small-sized effect (f2= 0.02) when employing the traditional
0.05 criterion of statistical significance with our study sample. Thus, we
additionally conducted our primary analyses within a Bayesian frame-
work, which provides model estimates and related uncertainty as a
probability distribution and produces reasonable results even with
smaller sample sizes [57]. We accounted for missing data with random
forest imputation using the “bagImpute” method of the “preProcess”
function within the caret package (v6.0-94) [58]. Using the brms pack-
age in R (v2.21.0) [59], which utilizes the probabilistic programming
language Stan [60], we ran Bayesian multiple regression models corre-
sponding to our primary hypotheses to quantify the probability of the
alternative hypotheses, given the data. Our findings from the models
testing the marital discord model of depression revealed that there was a
98 % and 99 % probability that an interaction between marital distress
and perceived partner responsiveness predicted depressive symptoms or
the composite inflammatory index, respectively (Supplementary
Table 1). Further, our findings from the models testing the VSA model
revealed that there was a 98 % probability that an interaction between
the composite inflammatory index and perceived partner responsiveness
predicted marital distress (Supplementary Table 2). When further
probing interactions, we found that the patterns of results were un-
changed from those reported in our primary analyses.
Finally, our findings also revealed some unexpected patterns of re-

sults. When considering the effect of perceived partner responsiveness
on depressive symptoms across levels of marital distress, we found that
greater perceived partner responsiveness was associated with more
depressive symptoms only among caregivers reporting low levels of
marital distress. When considering the effect of perceived partner
responsiveness on the composite inflammatory index across levels of
marital distress, perceived partner responsiveness was also not associ-
ated with the composite inflammatory index among caregivers reporting
low, mean, or high levels of marital distress. One possible reason for
these findings is that other potential factors not examined here may have
also influenced the impact of perceived partner responsiveness on
caregivers. For instance, prior studies have shown that evaluations of the
marital relationship and perceived partner responsiveness may influ-
ence the spouse’s well-being, in turn influencing the spouse’s own
responsive behavior [61,62]. Future research should account for these
factors by considering how marital distress and perceived partner
responsiveness may interact between the caregiver and care partner.
Additionally, these findings may also reflect characteristics of our study
sample, which is another potential limitation of our cross-sectional
study design. Future studies can address this limitation by utilizing
longitudinal designs that allow for assessing changes in caregiver
marital distress, perceived partner responsiveness, and well-being over
time. These studies may also examine non-caregivers as well as care-
givers to determine whether these findings are unique to the context of
caregiving.
Among ADRD spousal caregivers, we found that perceived partner

responsiveness moderated the associations between marital distress and

psychological (i.e., depressive symptoms) as well as physiological (i.e.,
LPS-stimulated proinflammatory cytokine production) health in-
dicators. Interventions facilitating supportive interpersonal behaviors
within the caregiving relationship may promote caregiver well-being.
These findings contribute to our growing understanding of the inter-
personal characteristics associated with the mental and physical health
of dementia spousal caregivers.
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