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ARTICLE INFO ABSTRACT

Keywords: The gut microbiota plays a role in a wide range of diseases and disorders, with low microbial diversity and

Marriage richness emerging as notable risk factors. This longitudinal study addressed the impact of marital quality

g(’“ples_ (assessed by the Couples Satisfaction Index) on changes in depressive symptoms, and gut diversity, richness, and
epression

permeability. On two occasions an average of 90 days apart, 162 people provided stool and blood samples, and
completed questionnaires. Depressive symptoms, assessed by the Center for Epidemiological Studies Depression
Scale (CES-D), increased from visit 1 to visit 2 in those with clinically significant relationship problems, in
contrast to the lack of change among their more satisfied counterparts. These changes in depression were
consequential: the gut microbiota’s diversity and richness decreased in tandem with the increase in depressive
symptoms. Lower relationship satisfaction also foreshadowed increases in lipopolysaccharide binding protein
from visit 1 to visit 2, reflecting greater translocation of bacterial endotoxin from the gut to blood circulation, a
process that fuels inflammation. Lower diversity and richness provide a pathway from depressive symptoms and
marital distress to subsequent health risk.

Gut microbiota
Intestinal permeability
Lipopolysaccharide binding protein

1. Introduction age-linked changes in lifestyle, nutrition, frailty, and inflammation

(Claesson et al., 2012; Vaiserman et al., 2017).

Growing evidence implicates the gut microbiota’s influence in a wide
range of diseases and disorders including cardiovascular disease,
obesity, neurologic and psychiatric disorders, metabolic dysregulation,
chronic inflammatory diseases, allergies, and cancer (Rook et al., 2014;
Wargo, 2020). Low microbial diversity and richness (fewer microbial
species, and disproportionate species abundance) have emerged as
notable risk factors across this broad spectrum. Maladaptive changes in
the microbiota’s diversity and composition can also provoke dysregu-
lated immune responses including heightened inflammation, one
pathway to accelerated aging (Shen and Wong, 2016). In fact, the
microbiota’s composition may alter the rate of aging, in tandem with

The autonomic nervous system (ANS) plays a key role in regulating
gastrointestinal function (Sandhu et al., 2017). Stress and depression
amplify sympathetic nervous system activity while lowering para-
sympathetic activation (Frasure-Smith et al., 2009; Kemp et al., 2010),
providing a route to adverse gut changes. In support of these pathways,
multiple cross-sectional studies have found gut microbiota differences
between clinically depressed patients and non-depressed controls (Jiang
et al.,, 2015; Kelly et al., 2016; Naseribafrouei et al., 2014;
Valles-Colomer et al., 2019; Zheng et al., 2016); however, there is little
consensus on the hallmark microbial features of depression. For
instance, there is some evidence of lower diversity, but a number of
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studies have not found this (Jiang et al., 2015; Kelly et al., 2016;
Naseribafrouei et al., 2014; Zheng et al., 2016). Longitudinal studies
with repeated measures could shed light on these divergent findings by
eliminating the noise of between-subject comparisons. Moreover, pre-
vious studies have addressed syndromal depression; capturing depres-
sive symptoms and examining the corresponding components (negative
affect, anhedonia, and somatic symptoms) may provide a more sensitive
test and more nuanced insights into how different aspects of depression
relate to the gut microbiota.

Marital distress provides a useful context for understanding routes to
gut dysfunction because the stress of a troubled relationship can trigger
depression. Indeed, marital discord carries a 10-fold increased risk for
depressive symptomatology as well as greater risks for syndromal
depression (Beach, 2014). Beyond its effects on depression, chronically
abrasive relationships provoke recurring conflicts that worsen important
health behaviors including sleep, diet, and physical activity (Kiecolt--
Glaser et al., 2019), which can alter the gut microbiota.

In a prior study we found that partners with more hostile marital
interactions (a signature of marital distress) had higher levels of
lipopolysaccharide-binding protein (LBP), i.e., greater translocation of
bacterial endotoxin (lipopolysaccharide, LPS) from the gut microbiota to
blood circulation (Kiecolt-Glaser et al., 2018)—a process that reflects
greater gut barrier permeability. A “leaky gut” stimulates systemic in-
flammatory responses (Kelly et al., 2016; Stehle et al., 2012), and hostile
partners’ higher LBP was associated with heightened inflammation
(Kiecolt-Glaser et al., 2018).

In addition, other researchers have shown that cohabiting couples’
microbiotas are more similar to each other than to those from other
households (Dill-McFarland et al., 2019). Couples’ microbiota similar-
ities reflect the partners’ behavioral concordance in key health behav-
iors that influence the microbiome - diet, exercise, sleep, smoking, and
alcohol consumption (Kiecolt-Glaser and Wilson, 2017).

This longitudinal study assessed couples’ baseline relationship
quality and changes in their depressive symptoms, gut microbiota di-
versity and richness, and leaky gut markers across two occasions, 2-7
months apart. In line with prior work, we expected that members of a
couple would have more similar microbiotas than random or unrelated
pairs (Dill-McFarland et al., 2019). Additionally, we anticipated that
greater marital distress would predict worsening depressive symptoms
and maladaptive decrements in gut diversity and richness, as well as
greater gut permeability. In turn, we predicted that increased depressive
symptoms would be linked to adverse changes in gut diversity, richness,
and permeability. Finally, supplemental analyses explored whether the
effects of depressive symptoms on the gut were driven by its individual
features (negative affect, anhedonia, and somatic symptoms) or
explained by parallel changes in health behaviors.

2. Methods

We recruited 143 couples, 116 of which completed both study visits.
Of the 116 couples with two visits, seven same-sex couples were
excluded in order to allow for estimation of within-couple and between-
couple similarity. Microbiome data at both visits were available for 162
individuals. Of these, 140 were members of a couple; for the other 22
individuals their spouse had missing data at one or both visits and was
thus excluded from the analysis sample. These 162 individuals ranged in
age from 21 to 73 and had been with their partner at least 2 years
(Mrelationship length = 14.5 years, SD = 11.1). Table 1 provides de-
mographic data. The two assessments were 58-206 days apart (M =
90.35, SD = 33.01). Exclusions included recent antibiotic use, preg-
nancy, breastfeeding, malignancies, stroke, heart attack, immune dis-
orders including lupus, multiple sclerosis, ulcerative colitis,
inflammatory bowel disease, Crohn’s disease, and any ongoing
nontrivial medical issues.
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Table 1
Baseline characteristics of participants (n = 162).

Characteristic

Mean =+ SD (median, range) or
N (%)

Demographics
Age
BMI
Race
Asian
Black
White
Multi
Comorbidities
Employment status
Full time
Part time
Retired
Disabled
Unemployed
Income
< $10,000
$10,000-$24,999
$25,000-$49,999
$50,000-$74,999
$75,000-$99,999
> $100,000
Refused to answer
Marital status
Married
Not married
Common Law Marriage or Domestic
Partnership
Bristol Stool Chart Value
Behavioral
Average drinks per week
Number of alcoholic drinks in the last 48 h at
baseline visit
Smoking status
Current smoker
Former smoker
Never smoker
IPAQ met-adjusted minutes at baseline visit
How rested did you feel upon rising today at
baseline visit
Psychological/Marital Quality
CESD score at baseline visit
Take any type of antidepressant
No
Yes
Couple Satisfaction Index at baseline visit
Microbiota Diversity and Richness
Shannon diversity index at baseline visit
Richness index at baseline visit
Dietary
Alternative Healthy Eating Index 2010 at baseline
visit
Total fat intake, gram per 1000 calories
Total Dietary Fiber intake, gram per 1000 calories
Oleic acid intake, gram per 1000 calories
Total Saturated Fatty Acids, gram per 1000
calories
Total Polyunsaturated Fatty Acids, gram per 1000
calories
Total calories intake
Gut Permeability Markers
LBP at baseline visit, ng/mL

sCD14 at baseline visit, ng/mL
LBP to sCD14 ratio at baseline visit

41. 6 + 13.5 (38, 21-73)
27.0 + 5.6 (26.3, 18.2-51.7)

10 (6.2%)

7 (4.3%)

141 (87.0%)

4 (2.5%)

0.26 + 0.65 (0, 0-3)

112 (69.1%)
24 (14.8%)
11 (6.8%)

2 (1.2%)

13 (8.0%)

3(1.9%)
9 (5.6%)
21 (13.0%)
32 (19.8%)
17 (10.5%)
71 (43.8%)
9 (5.6%)

146 (90.1%)
10 (6.2%)
6 (3.7%)

3.8+1.2(4,1-6)

3.3£3.9(2,0-24)
1.08 + 1.58 (0, 0-10)

2 (1.2%)

23 (14.2%)

137 (84.6%)

2704 + 2631 (1980, 0-13518)
3.49 + 0.91 (4, 1-5)

7.9 + 6.8 (6, 0-37)

135 (83.3%)
27 (16.7%)
132.5 + 22.3 (138.5, 65-161)

2.3 £0.37 (2.3, 1.40-3.16)
64.1 £ 17.0 (64, 20-118)

61.5 + 16.0 (63.6, 19.8-96.2)

42.5 +10.6 (43.3, 15.7-66.2)
12.3 +£ 4.9 (11.4, 3.3-29.3)
14.4 +£5.0 (13.8, 4.4-31.3)
141 +6.2(13.2,3.6-41.1)

9.5 + 3.9 (8.99, 3.1-34.1)
2206 + 663 (2132, 960-3900)
3785 + 2394 (3568,
226-19185)

1605 + 313 (1570, 850-2660)
2.42 + 1.53(2.23, 0.12-12.54)

2.1. Questionnaires and interviews

The 32-item Couples Satisfaction Index (CSI) assessed marital satis-

faction at the first study visit (Funk and Rogge, 2007). Developed using
item response theory, the CSI discriminates well between satisfied and
dissatisfied couples with greater precision than the most common
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marital scales (Funk and Rogge, 2007).

The widely-used Center for Epidemiological Studies Depression Scale
(CES-D) (Carleton et al., 2013) provided data on depressive symptoms at
each of the two visits. The CES-D subscales (negative affect, anhedonia,
somatic symptoms) provide a way to look at specific types of depressive
symptoms (Carleton et al., 2013).

2.2. Health-related assessments

We assessed sleep, diet, exercise, and comorbidities based on their
association with depression and the gut microbiota. The 5-item
Women’s Health Initiative Insomnia Rating Scale assessed sleep over
the last four weeks (Levine et al., 2003). The scale has well-established
reliability and validity (Levine et al., 2003). The three 24-hour dietary
recalls used the validated USDA Multiple Pass Approach method
(Blanton et al., 2006). Two of the interviews took place on the days
participants were seen for blood draws, and the third was administered
via telephone. The International Physical Activity Questionnaire (IPAQ)
was developed by an International Consensus Group and validated
against accelerometer measurements. It has comparable or better mea-
surement properties compared to other established self-reports (Craig
et al., 2003). The Charlson Index provided data on comorbidities. This
widely-used measure has good concurrent and predictive validity, and
test-retest reliability (de Groot et al., 2003).

2.3. Stool sample protocol and rating

After each study visit, participants received uBiome® kits that con-
tained a cotton swab and a tube with a liquid preservative. Using the
wipe collection method, participants swabbed soiled toilet paper, then
swished the swab in a tube with preservative liquid for mailing. The
uBiome® analysis (Almonacid et al., 2017) provided the study’s
microbiota data.

The Bristol Stool Form Scale provided an assessment of transit time,
which is significantly correlated with stool form and microbiota
composition (Lewis and Heaton, 1997). Participants chose the picture
and description that best corresponded to their sampled bowel
movement.

2.4. Blood samples and assays

Non-fasting blood samples were collected during lab study visits
between 7 and 11 AM to limit diurnal variation. Blood samples provided
data on lipopolysaccharide (LPS)-binding protein (LBP) and soluble
CD14 (sCD14), two biomarkers produced in response to microbial
translocation (Amar et al., 2003; Stehle et al., 2012). LBP binds LPS and
presents LPS to CD14, the receptor for LPS-LBP complexes (Stehle et al.,
2012; Ulevitch and Tobias, 1995; Wright et al., 1990). Samples were
measured using an electrochemiluminescence method with Meso Scale
Discovery kits, following kit instructions. The stored serum samples for
each subject were assayed for each marker in one run, thus using the
same controls for both time points. The intra- and inter-assay co-
efficients of variation (CVs) were LBP were 5.61% and 9.37%, respec-
tively, and the sensitivity was 0.038 ng/mL. The intra- and inter-assay
CVs for sCD14 were 5.47% and 6.30%, respectively, and the sensi-
tivity was 125 pg/mL.

2.5. Microbiota sequencing

The uBiome® analysis (Almonacid et al., 2017) provided the study’s
microbiota data. DNA was extracted from the samples using bead
beating followed by guanidine thiocyanate silica column-based purifi-
cation. The V4 region of the 16S rRNA gene was PCR amplified using the
515F (GTGCCAGCMGCCGCGGTAA) and 806R (GGAC-
TACHVGGGTWTCTAAT) primers. The primers also contained Illumina
tags and barcodes to allow for amplicon identification (i.e., forward vs.
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reverse and sample identification) in multiplexed sequencing runs. PCR
products were pooled prior to column-purification and size selection
using microfluidic DNA fractionation. Libraries were quantified by
quantitative real-time PCR using the Kapa Bio-Rad iCycler qPCR kit on a
BioRad MyiQ, and 2 x 150 paired end sequencing was performed on the
[lumina NextSeq 500 platform. Sequences were demultiplexed using
the BCL2FASTQ algorithm (Illumina) and quality filtered to have a
Q-score > 30. Primers and linker sequences were removed, and forward
and reverse reads merged prior to clustering the merged reads using the
Swarm algorithm. The most abundant sequence per cluster was
considered the representative/correct sequence for the cluster. The
representative sequences were checked for chimeras using the
VSEARCH algorithm and representative sequences that remained were
assigned a count based on the abundance of all sequences in the cluster.
These sequences were then aligned, using 100% identity over 100% of
the sequence length, to a hand-curated database of target 16S rRNA gene
sequences and taxonomic annotations derived from version 123 of the
SILVA database.

2.6. Statistical methods

Shannon’s diversity index was used to quantify alpha diversity, and
the simple count of observed operational taxonomic units (OTUs) was
used to measure richness; for these measures higher values indicate
higher diversity/higher richness. Significant associations with diversity
and richness were probed using a short a priori list of taxa, chosen based
on existing literature (Kurina et al., 2020; Naseribafrouei et al., 2014;
Zheng et al., 2016). For these analyses, the percentage of each specific
taxa was used as the summary measure.

Of primary interest were models for change, where change was
defined as the visit 2 value minus the visit 1 value, so that a positive
change score indicated an increase. In models with change scores as the
outcome, the baseline level of the outcome was included as a covariate
to account for regression to the mean. Additionally, all models
controlled for age, visit 1 BMI, gender, and antidepressant use to guard
against confounding. When a change score was used as a predictor (e.g.,
change in CES-D predicting change in diversity), the baseline level of the
predictor was also included as a covariate (e.g., visit 1 CES-D). Since
subjects were clustered into couples, linear mixed effects regression
models with a random couple-level intercept were used to account for
the within-couple clustering. The Kenward-Roger adjustment to the
degrees of freedom was used to control type I error. The phyloseq
package in R was used to calculate Shannon’s index; all other analyses
were conducted in SAS version 9.4 (Cary, NC).

To quantify within-couple and within-subject similarity in micro-
biota, beta diversity was calculated using the Bray-Curtis distance based
on presence/absence of OTUs. Three distances were calculated: 1)
within-subject, between visits distance, 2) within-couple, and 3) be-
tween an individual and all other same-sex individuals who were not the
spouse, averaged. Both the within-couple and between individuals and
the non-spouse distances were calculated separately for each visit and
averaged. Paired t-tests were used to test for differences between dis-
tance measures, separately for women and men.

With a sample size of 162 individuals, clustered into couples, the
detectable effect size depends on how large the within-couple correla-
tion (intraclass correlation, ICC) is. Thus, we estimated detectable effect
sizes using a range of ICCs similar to those seen in our prior studies of
cohabiting couples (Kiecolt-Glaser et al., 2015). We had 80% power to
detect correlations ranging from r = 0.22 to r = 0.25 for ICCs ranging
from 0 to 0.3.

3. Results
3.1. Description

Table 1 presents the baseline characteristics of the sample. The
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sample was on average 41.6 years old, predominately white (87%), and
never smoked (85%). Ninety percent of the couples were married and
the majority of participants were employed full-time (69%). Three-
quarters of participants reported engaging in vigorous physical activ-
ity at least once a week, and the average BMI was 27.0. Twenty-seven
participants (17%) reported current use of any type of antidepressant.
The average CES-D score at baseline was 7.9 (SD = 6.8) with a wide
range (0-37); 12% of participants had clinically elevated depressive
symptoms.

On average there was not a significant change in mean alpha di-
versity between visits (mean change = +0.05, p = 0.12) but there was a
small increase in richness between visits (mean change = +3.2, p =
0.049). There was large variability in the changes for both measures
(Shannon diversity: range = —1.05 to +1.19; richness: range = —60 to
+53), and 46% of subjects had decreased Shannon diversity at the sec-
ond visit while 43% had decreased richness. On average there was a
significant decrease in sCD14 between visits (mean change = —42.2, p
= 0.02), but no significant change in LBP (mean change = —154.1, p =
0.14) or the LBP to sCD14 ratio (mean change = —0.03, p = 0.60). There
was not a significant change in CES-D between visits (mean change =
0.09, p = 0.85) but there was a wide range (—20 to +27). The majority of
changes in CES-D were small; only eight individuals (4.9%) had large
enough changes to cross the threshold of clinically significant depression
(i.e., go from < 16-16 or higher). Thus, all analyses used CES-D as a
continuous score and not a binary one.
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3.3. Links between marital satisfaction and changes in depressive
symptoms and gut markers

Marital satisfaction (CSI), measured at visit 1, was significantly
negatively associated with depression at each time point (p < 0.0001 for
both). Marital satisfaction was also associated with change in depression
(p = 0.01), with lower satisfaction at visit 1 associated with an increase
in depression from visit 1 to visit 2 (B = —0.060, SE = 0.023; Table 2;
Fig. 2). As shown in Table 2, marital satisfaction was also associated
with decreased LBP from visit 1 to visit 2 (B= —8.8, SE = 4.4,
p = 0.049), but not with changes in sCD14 (p = 0.053) or the LBP to
sCD14 ratio (p = 0.21). There were no significant associations between
marital satisfaction and changes in either alpha diversity (p = 0.87) or
richness (p = 0.60).

3.4. Associations between changes in depressive symptoms and gut
markers

Results from models using change in depression to predict changes in
alpha diversity and richness and gut permeability markers are shown in

Table 2
Associations of baseline marital satisfaction with changes in depression, alpha
diversity and richness, and gut permeability markers.

3.2. Gut microbiota similarity within couples

Beta diversity analyses revealed that individuals’ bacteriomes (bac-

terial communities in the gut) were more similar to their spouse than to
same-sex individuals who were not the spouse (p < 0.001 for both
women and men). Additionally, bacteriomes were more similar within-
subject across visits than within-couple (p < 0.001 for both women and
men) (Fig. 1).

Outcome Estimate (SE) 95% CI p-value
Depression change —0.060 (0.023) -0.11, —0.015 0.01
Shannon diversity change 0.00019 (0.0011) —0.0021, 0.0025 0.87
Richness change —0.030 (0.056) —0.14, 0.081 0.60
LBP change —8.8 (4.4) -17.6, —0.023 0.049
sCD14 change -1.4 (0.74) —-2.9,0.019 0.053
LBP to sCD14 change —0.0034 (0.0027) —0.0087, 0.0020 0.21

Change defined as visit 2 minus visit 1.

P-values from separate linear mixed effects models adjusting for age, gender,
BM]I, antidepressant usage, and baseline outcome level.

Sample sizes: Depression, Shannon diversity, Richness, n = 162; LBP, sCD14,
and LBP to sCD14 ratio, n = 154.

=
o
S

0.75 1

0.50 1

0.25 1

Bray-Curtis Dissimilarity (based on presence/absence)

Within-Couple
(averaged over visits)

Within-Subject
(across visits)

Between Non-Spouses
(averaged over visits)

Between Non-Spouses
(averaged over visits)

Within-Couple
(averaged over visits)

Within-Subject
(across visits)

Fig. 1. Bray-Curtis distances using presence/absence data to quantify beta diversity within-subject/between-visit, within-couple (distance averaged over visits), and
between individuals and all other same-sex individuals who were not the spouse (averaged over other individuals and over visit). Smaller Bray-Curtis distance

corresponds to higher similarity. Large square is the group mean. ***p < 0.001.
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Table 3
Associations of change in depression with changes in alpha diversity and rich-
ness and gut permeability markers.

Outcome Estimate (SE) 95% CI p-value
Shannon diversity change —0.010 (0.0043) —0.019, —0.0016 0.02
Richness change —0.59 (0.21) —1.00, —0.18 0.005
LBP change 19.8 (16.0) -11.7,51.3 0.22
sCD14 change 1.8 (2.8) -3.8,7.4 0.52
LBP to sCD14 change 0.011 (0.0097) —0.0081, 0.030 0.26

Change defined as visit 2 minus visit 1.

P-values from separate linear mixed effects models adjusting for age, gender,
BMI, antidepressant usage, baseline outcome level, and baseline depression.
Sample sizes: Shannon diversity, Richness, n = 162; LBP, sCD14, and LBP to
sCD14 ratio, n = 154.

Table 3. Change in depression was negatively associated with both the
change in Shannon diversity (B = —0.010, SE = 0.0043, p = 0.02) and
the change in richness (B = —0.59, SE =0.21, p =0.005), with a
decrease in depression associated with an increase in alpha diversity and
richness (Fig. 3). These significant effects were probed using individual
taxa in place of alpha diversity and richness. There were no significant
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Actinobacteria, Firmicutes; p > 0.4 for all) based on their association
with depression in prior research (Naseribafrouei et al., 2014; Zheng
et al., 2016) or for the prevalent and biomedically relevant human gut
microbial genera (Kurina et al., 2020) (Alistipes, Coprococcus, Faecali-
bacterium, Akkermansia,Bacteroides, Bifidobacterium, Lactobacillus, Pre-
votella; p > 0.09 for all).

Change in depression was not associated with changes in LBP,
sCD14, or their ratio (p > 0.2 for all). At visit 1, depression was not
significantly associated with Shannon diversity, richness, LBP, sCD14, or
the LBP/sCD14 ratio (p > 0.13 for all).

3.5. Associations with depressive symptom subscales

To probe the significant association between change in depression
and change in diversity and richness further we repeated the analyses
using each of the CES-D subscales (negative affect, anhedonia, somatic
symptoms) (Carleton et al., 2013) in place of overall CES-D score. The
change in negative affect was significantly associated with both change
in Shannon index (B = —0.032, SE = 0.014, p = 0.02) and change in
richness (B = —1.50, SE = 0.69, p = 0.03). Change in somatic symp-
toms was significantly associated with change in richness (B = —1.09,
SE = 0.54, p = 0.04) but not with change in Shannon index (p = 0.13).
Change in anhedonia was not significantly associated with change in
either Shannon index (p = 0.42) or richness (p = 0.10).

3.6. Ancillary analyses: examining the roles of health behavior changes

We performed ancillary analyses to explore whether the link be-
tween changes in depression and changes in alpha diversity and richness
might be explained by changes in health behaviors, including changes in
diet. As shown in the supplementary online Table, increased depression
from visit 1 to visit 2 was associated with decreased hours of restful sleep
(p = 0.002) but was not associated with changes in any other behav-
ioral, physical, or dietary measures. When change in restful sleep was
added to the models for changes in diversity and richness, the effects of
depression change remained significant and similar in magnitude to the
original models.

4. Discussion
Among a sample of cohabiting couples, depressive symptoms

increased from visit 1 to visit 2 in those with lower marital satisfaction,
in contrast to the nonsignificant changes in those with higher marital

associations with the a priori selected phyla (Bacteroidetes, : ‘ ¢ " !
satisfaction. These changes in depression were consequential: fecal
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Fig. 3. Changes in (A) alpha diversity (Shannon Index) and (B) richness as a function of change in depression (CES-D). Superimposed line is the regression line at the
average level of covariates (age, gender, BMI, antidepressant use, baseline depression, and the baseline outcome level). Shading indicates 95% confidence intervals.
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bacterial diversity and richness decreased in tandem with the increase in
depressive symptoms. Further analysis of CES-D components showed
that heightened negative affect drove changes in both diversity and
richness; higher somatic symptoms were only linked with lower rich-
ness, and anhedonia was not associated with either dimension. These
novel findings demonstrate the relevance of depressive symptoms,
particularly negative affect, for changes in bacterial composition,
extending cross-sectional work with clinical depression. We also found
that gut microbiota diversity was more similar within couples than
among other individuals, a successful replication of prior work
(Dill-McFarland et al., 2019).

Depression’s health consequences have been well-documented.
Depression co-occurs with many chronic diseases, and recent research
suggests that it often temporally precedes disease onset. Indeed,
depression is a central node in a multimorbid disease and poor heath
behavior network (Birk et al., 2019). Across multiple meta-analyses,
depression has predicted subsequent onset of heart disease and dia-
betes (Birk et al., 2019), two of the same diseases that track with low
microbiota diversity, and both of these diseases have also been linked to
marital discord (Gallo et al., 2003; Orth-Gomer et al., 2000; Whisman
et al., 2014).

Extending previous cross-sectional findings (Kiecolt-Glaser et al.,
2018), people in less satisfying relationships experienced greater ele-
vations in LBP over time, reflecting increased translocation of bacterial
endotoxin from the gut to blood circulation. In parallel, lower marital
satisfaction also presaged increases in depressive symptoms between the
two visits, consistent with prior theory and data (Beach, 2014). Notably,
depressive symptoms were predicted to rise for partners who were near
or exceeded the threshold for clinically significant relationship distress
(CSI below 104.5, see Fig. 2).

4.1. Depression and gut microbiota

Our data offer some of the first longitudinal evidence that increased
depressive symptoms associated with marital distress can, in turn, pro-
voke microbiota shifts. Indeed, depression and associated physiological
processes, behaviors, and stress may remodel the gut environment,
including shifting an otherwise stable gut microbial community.
Depression promotes poor health behaviors that perturb the gut
microbiota (Madison and Kiecolt-Glaser, 2019). Our analyses showed
that worsening sleep accompanied increases in depressive symptoms.
Nevertheless, links between depression and gut changes were robust to
the inclusion of sleep in the model, suggesting that sleep changes were
not the primary mechanism of this effect. Follow-up analyses of de-
pression’s subcomponents revealed that negative affect most consis-
tently predicted changes in gut bacterial diversity and richness,
implicating a direct affective route through ANS dysregulation (Kemp
et al., 2010; Sandhu et al., 2017). Increased depression may have also
boosted stress (Hammen, 2006); among both animals (Bailey et al.,
2011; Partrick et al., 2018) and humans (Knowles et al., 2008), the gut
microbiota shifts with stress exposure.

However, there is an alternative pathway: it is plausible that higher
levels of LBP and/or LBP/sCD14, indicative of a leaky gut, when com-
bined with inflammation, may pave the way for depressive symptoms. In
another sample, our lab found this to be the case (Madison et al., 2020).
Thus, these blood markers may in fact mechanistically link the chronic
stress of a troubled marriage with depression onset.

Finally, depression can usher in gut morphological and functional
changes that render the gut environment less hospitable to pre-existing
microbial communities. In one study, nearly all patients with syndromal
depression reported gastrointestinal symptoms and a large majority met
criteria for a functional gastrointestinal disorder (Koloski et al., 2012).
In fact, a significant subset of depressed patients may experience chronic
or frequent constipation (Koloski et al., 2012). Even in the absence of
gastrointestinal symptoms, those with greater depressive symptoms had
slower whole-gut transit times (Gorard et al., 1996) — an important
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determinant of which bacteria thrive (Vandeputte et al., 2016).
4.2. Consequences of low microbiota diversity

In the gut, a greater number and depth of microbial species promotes
resilience and stability, guards against infection, and minimizes the
impact of any single species shift; thus, microbiota diversity and richness
are informative metrics that provide a general indication of gut health
(Sommer et al., 2017). Accordingly, lower bacterial diversity has been
observed in many common chronic diseases, including diabetes and
obesity (Sommer et al., 2017). Intriguingly, results from two
cross-disease meta-analyses revealed a pattern in disease-associated
bacterial shifts, such that there may be a signature, non-specific bacte-
rial risk for or response to disease — especially lower diversity (Man-
cabelli et al., 2017).

Obesity and diabetes likely reflect, in part, the immunological con-
sequences of low bacterial diversity, which is connected to elevated
systemic inflammation, boosting risk for cardiovascular and other dis-
eases (van den Munckhof et al., 2018). Also, the gut microbiota may
drive a stress-induced inflammatory response (Bailey et al., 2011).
Indeed, it has been argued that the decline in the diversity of core
bacterial groups may be a stronger factor in age-related frailty than
chronological age (Claesson et al., 2012; Vaiserman et al., 2017).

Along with these disease outcomes, low microbiota diversity predicts
long-term weight gain: those with lower diversity had greater weight
gain over a ten-year period than those with higher diversity (Menni
et al., 2017). Gut bacterial richness has also been linked to metabolic
markers (Le Chatelier et al., 2013). In one study those with low bacterial
richness (23% of the study population) had greater overall adiposity,
insulin resistance, dyslipidemia, and a "more pronounced inflammatory
phenotype," which included differences in leptin, adiponectin, and CRP.
The obese subjects in this subgroup also gained more weight over time
(Le Chatelier et al., 2013).

Paralleling those data, our lab has shown that the confluence of
marital distress and depression also alters metabolic responses. Men and
women whose marital discussions were more hostile and who also had a
mood disorder history had lower resting energy expenditure, higher
insulin (which would heighten fat deposition), higher peak triglyceride
responses, and higher inflammation than other participants following
high-fat meals (Kiecolt-Glaser et al., 2015). Marital distress and
depression can synergistically escalate risks for inflammation-related
disorders.

Our sample had good variability in depression; overall, 12% had
clinically significant depressive symptoms, which is well above the na-
tional prevalence rate of around 8% (Brody et al., 2018). Other studies
have shown gut microbiota differences between individuals with and
without clinical depression (Jiang et al., 2015; Kelly et al., 2016;
Naseribafrouei et al., 2014; Valles-Colomer et al., 2019; Zheng et al.,
2016). However, given the relatively small number of individuals
meeting clinical criteria, we were unable to test differences in gut
microbiome composition by CES-D clinical cutoff scores, one limitation.
In addition, we only assessed marital satisfaction at the first visit, given
its stability for most couples (Karney and Bradbury, 2020). Accordingly,
we could not examine changes in marital satisfaction. Future work may
consider addressing how changes in marital distress—particularly dur-
ing turbulent relational phases—along with a current or past depressive
disorder.may alter the gut microbiota and pose additional health risks.

The present study extends our understanding of how clinically sig-
nificant social stress and depression may lead to gut dysbiosis, revealing
key mind-body connections. Likewise, novel findings have traced
reciprocal body-to-mind paths. In two studies, fecal matter from
depressed and healthy humans was transferred to microbiota-deficient
or germ-free rodents, and only the rodents given microbiota from
depressed humans developed depressive-like behaviors (Kelly et al.,
2016; Zheng et al., 2016). Taken together, these bidirectional processes
may fuel a vicious cycle that compounds the health risks of marital
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discord and depression. Couples’ similarity in gut microbiota
diversity—a reflection of their shared lives and overlapping risks—may
further exacerbate the health consequences of discord, depression, and
poor health behaviors.

In summary, these data suggest that increases in depressive symp-
toms can decrease microbiota diversity and richness in the context of
marital discord. In turn, lower diversity and richness may link depres-
sive symptoms and marital distress with subsequent health risk. Indeed,
increased depressive symptoms accompanied by decreased microbiota
diversity and richness in healthy adults may be an early premorbid
harbinger of poor health.
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