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Abstract

Childhood sexual abuse (CSA) has been shown to predict the coupling of depression and

inflammation in adulthood. Trust within intimate relationships, a core element in marital rela-

tions, has been shown to predict positive physical and mental health outcomes, but the

mediating role of trust in partners in the association between CSA and inflammation in adult-

hood requires further study. The present study aimed to examine the impact of CSA on

inflammatory biomarkers (IL-6 and IL-1β) in adults with depression and the mediating role of

trust. A cross-sectional survey data set of adults presenting with mood and sleep distur-

bance was used in the analysis. CSA demonstrated a significant negative correlation with

IL-6 level (r = -0.28, p<0. 01) in adults with clinically significant depression, while trust

showed a significant positive correlation with IL-6 level (r = 0.36, p < .01). Sobel test and

bootstrapping revealed a significant mediating role for trust between CSA and IL-6 level.

CSA and trust in partners were revealed to have significant associations with IL-6 level in

adulthood. Counterintuitively, the directions of association were not those expected. Trust

played a mediating role between CSA and adulthood levels of IL-6. Plausible explanations

for these counterintuitive findings are discussed.

Introduction

Childhood sexual abuse (CSA) is a global public health problem whose survivors are signifi-

cantly more vulnerable to both severe mental disorders (e.g., depression, anxiety, and post-
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traumatic stress disorder) and chronic physical diseases (e.g., cancer, diabetes, asthma, and

heart disease) in adulthood.[1–5] Prior research indicates that inflammation may be a plausi-

ble biological mechanism linking CSA to both physical and mental health problems.[6–10]

Inflammation is a protective biological response of immune cells, blood vessels, and molecular

mediators to infections or injury. Chronic inflammation develops when this response contin-

ues, which may result in disease or even mortality.[11]

There is compelling evidence that childhood trauma is associated with elevated levels of cir-

culating Interleukin inflammatory biomarkers several decades later, such as -6 (IL-6) and

Interleukin-1β (IL-1β).[12–18] The association between CSA and inflammatory biomarkers

remains unclear due to a significant amount of heterogeneity in the measures and methods

employed in the literature.[19–23] Subgroup analyses undertaken in a recent meta-analysis

study demonstrate only a weak association between CSA and adulthood IL-6 level.[24]

The relationship between CSA and inflammation may be more complex in individuals with

depressive symptoms due to the interplay of three factors: CSA, depression, and inflammation.

[25–27] Previous research has found that only severe childhood abuse predicts the coupling of

depression and inflammation.[22,28] One recent study suggests that childhood abuse and

depression interact to predict IL-6 in pregnant adolescents: more severe childhood abuse and

higher levels of depression predicted higher levels of IL-6 than did high abuse and low depres-

sion, while less severe childhood abuse and higher levels of depression predicted similar levels

of IL-6 to high levels of both abuse and depression.[27]

A close, supportive, happy marital relationship is an important interpersonal resource

throughout adulthood, especially when facing difficulties.[29] In the past decade, mounting

evidence has shown a positive association between the quality of the marital relationship and

physical and mental health outcomes across the adult lifespan.[30–37] High-quality marital

relationships significantly predict lower levels of inflammation (including lower IL-6 and IL-

1β levels), especially among women.[38–41] Trust, a fundamental factor in marital relation-

ships, is critical to improving intimacy and marital quality, and even marital longevity.[42–43]

Recent research has suggested that a high level of interpersonal trust predicts positive physical

and mental health outcomes.[38] Trust has also been shown to be central to recovery from

CSA in adulthood both within and without mental health services, as well as a sign of recovery.

[44–46] Trust has also been shown to be an important factor in survivors’ satisfaction with

mental health services.[47]

CSA is associated with negative impacts on the stability and quality of intimate relationships

in adulthood.[48–51] Adults who experienced CSA may struggle to trust intimate partners.

[52–55] A low level of interpersonal trust is associated with negative physical health outcomes

through elevated levels of depression.[48] Individuals who feel that it is hard to trust a partner

are more likely to experience depression and worse physical health than those who have trust-

ing intimate relationships. However, no research has explored the mediating role of trust in

partners in the association between CSA and inflammation in adulthood.

The current study has the following two objectives: (1) to examine the impacts of CSA on

inflammatory biomarkers (i.e., IL-6 and IL-1β) in adults with depression; and (2) to explore

how marital quality (especially trust in partners) impacts the association between CSA and the

pro-inflammatory cytokine network in adulthood.

Materials and methods

Participants

The present study utilized data from the baseline assessments of a randomized controlled trial

of group therapy for sleep and mood disturbances conducted in 2014. Participants were adults
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suffering from poor sleep quality as determined by a score above 5 on the Pittsburgh Sleep

Quality Index. The inclusion criteria also included a score between 10 and 34 on the Centre

for Epidemiologic Studies Depression Scale, indicating a range from mild depressive symp-

toms to clinically significant depression. Persons with a history of psychosis or sleep disorders

other than insomnia (such as sleep apnea syndrome) were excluded. All participants provided

written informed consent. Ethical approval was obtained from the Institutional Review Board

of The University of Hong Kong and the West Hong Kong Island Cluster, Hong Kong Hospi-

tal Authority (trial registration number: HKCTR-1929 at http://www.hkclinicaltrials.com).

Among the 263 participants of the trial, 194 were living with a spouse or partner at the time

of recruitment. These 194 participants comprised the sample for the present study.

Measures

Biological markers. IL-6 & IL-1β. Whole blood samples obtained from participants were

placed in EDTA tubes (BD Vacutainer PLUS Blood Collection Tubes, BD, Franklin Lakes, NJ)

and subjected to centrifugation (1,000 g) at 4˚C for 15 minutes. The supernatants were trans-

ferred into new tubes and stored at -80˚C. The plasma levels of IL-6 and IL-1β were measured

using the Quantikine HS Human IL-6 and IL-1β/IL-1F2 immunoassay kits (R&D Systems

Inc., Minneapolis, MN) following the manufacturer’s protocols, as described elsewhere.[56]

For IL-1β, the inter-assay coefficient of variation (CV) was 8.1% and the intra-assay CV 3.6%;

for IL-6, the inter- assay CV was 7.8% and the intra-assay CV 7.4%.

Self-report scales. Childhood Trauma Questionnaire (CTQ).[57] The CTQ was utilized to

assess exposure to five types of childhood maltreatment: 1) emotional abuse (EA), 2) physical

abuse (PA), 3) sexual abuse (SA), 4) emotional neglect (EN), and 5) physical neglect (PN). The

scale comprises 25 items, five for each trauma experience. Responses are made on a 5-point

Likert scale in terms of frequency of occurrence, ranging from 1 (never) to 5 (very often). The

Chinese version of the CTQ has demonstrated good reliability and validity in a Chinese popu-

lation.[58] Scoring cut-offs were also employed in line with the questionnaire manual to cate-

gorize the level of each type of childhood maltreatment. Participants with moderate and high

severity levels of childhood maltreatment were identified as having a history of that type of

childhood maltreatment experience.

Trust Scale (TS).[59] The 17-item TS was used to measure participants’ level of trust in their

partner. The scale consists of three subscales: 1) predictability, which is perceived stability and

consistence of one’s partner’s specific behaviors according to past experience; 2) dependability,

level of confidence in one’s partner in terms of their reliability in the face of risk and potential

hurt; and 3) faith, level of confidence in one’s relationship, as well as one’s partner’s respon-

siveness and caring when facing an uncertain future. The respondents’ responded to the items

of the scale by rating their perception of the trustworthiness of their partner on a 7-point scale

ranging from -3 (strongly disagree), through 0 (neutral), to 3 (strongly agree).

Hospital Anxiety and Depression Scale (HADS).[60] The HADS was utilized to assess partic-

ipants’ level of anxiety and depression symptoms. It is a 14-item measure consisting of seven

items each in depression and anxiety subscales. Items are assessed based on the frequency and

intensity of symptom occurrence on a 4-point Likert scale, responses ranging from 0 (not at

all) to 3 (nearly all the time/definitely as much). Clinically significant depression is quantified

by adopting a cut-off score of 6+. This cut-off was suggested by a previous psychometric study

on HADS among primary care patients in Hong Kong, with a sensitivity of 78% and specificity

of 91%.[61]

Perceived Stress Scale, 10-item (PSS-10).[62] The PSS-10 was utilized to measure psychologi-

cal stress experienced during the previous month.[62] Items of the scale are assessed for
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frequency of occurrence on a 5-point Likert scale, with responses ranging from 0 (never) to 4

(very often). The Chinese version of the PSS-10 has demonstrated good reliability, with Cron-

bach’s alpha values between .70 and .83 in Chinese samples.[63,64]

Somatic Symptoms Inventory (SSI).[65] The 28-item SSI was utilized to measure self-

reported painful and non-painful somatic symptoms experienced in the previous week. Each

item is rated on a 5-point Likert scale based on the extent to which each symptom has bothered

the respondent over the past week. Scores range from 1 (not at all) to 5 (a great deal).[66]

Statistical analyses. Statistical analyses were conducted using Rstudio (MacOS version

1.1.423). Due to the skewed distribution of the IL-6 and IL-1β data, natural logarithms were

used to transform the raw data.

First, a series of bivariate Pearson’s correlations was computed to determine the relation-

ships between both IL-6 and IL-1β and childhood trauma experiences, psychological outcomes

(trust, perceived stress, depression, and anxiety), and physical outcomes (somatic symptoms)

for all samples. In parallel, a similar series of bivariate Pearson’s correlations was conducted

within subgroups of participants with and without clinically significant depression.

Second, according to the results of the bivariate Pearson’s correlations, the variables showed

significant correlations when log IL-6 and log IL-1β were entered into hierarchical multiple

regression analysis as predictors, controlling for the effect of socio-demographics. We also

compared different regression models using analysis of variance (ANOVA) to examine the

magnitude of the added value of each predictor.

Third, because the suppression effect of trust on sexual abuse in affecting IL-6 was observed

in the regression models among participants with clinically significant depression, we also per-

formed mediation analysis to further assess the relationships, using Sobel and bootstrapping

tests. All statistical differences were considered significant at p<0.05.

Results

Participants characteristics

The demographic data of the 194 adults with insomnia in the present study are summarized in

Table 1. The average age of the participants was about 56 years, about three-quarters of the

participants were female, one-third were educated to college level or above, and two-fifths

were working full- or part-time. Approximately 11% of the participants reported a history of

CSA.

Bivariate correlations between log IL-6 and log IL-1β and psychological

and physical outcomes

The full sample showed significantly positive correlations between log IL-6 and TS total score

(r = 0.19, N = 86, p<0.05) and its Dependability subscale (r = 0.20, N = 86, p<0.05). No vari-

able showed significant correlations with log IL-1β. Table 2 presents correlations.

When the full sample was broken down into two subgroups according to the HADS depres-

sion cut-off score, the bivariate correlation results were different (see Table 3). Among the par-

ticipants with depression, TS total scores remained significantly positively correlated with log

IL-6, although the correlation was stronger (r = 0.36, N = 86, p<0.01). The association between

log IL-6 and TS total score became non-significant (r = 0.01, N = 62, p>0.05) in those without

depression. Apart from TS total score, CSA was also found to be significantly negatively associ-

ated with log IL-6 among participants with depression (r = -0.28, N = 86, p<0.01).
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Predictors of Log IL-6

TS total score was entered into the hierarchical multiple regression analysis as the predictor for

log IL-6 in the full sample. When socio-demographics, namely age, gender, occupation, and

education, were controlled, TS total score significantly predicted log IL-6 (β = 0.18, t(142) =

2.2, p<0.05), and explained a significant proportion of variance in log IL-6 [R2 = 0.03, F(5,142)

= 2.9, p = 0.02].

In the subsample of participants with clinically significant depression, socio-demographics,

CSA, and TS total were entered into the regression model in sequence, generating three regres-

sion models (see Table 4). The model (Model 3) in which CSA and TS total were entered as the

predictors explained a significant proportion of variance in log IL-6, controlling for the effect

of socio-demographics [R2 = 0.18, R2
adjusted = 0.12, F(6,79) = 2.94, p<0.05]. Like the result for

the full sample, in this model TS total score also significantly predicted log IL-6 (β = 0.32, t(79)

= 2.8, p<0.01).

It is also interesting to note that both CSA and TS total score showed a significant contribu-

tion when entered into the regression model [sexual abuse: R2 change = 0.06, F(1,74) = 5.1,

Table 1. Socio-demographic & clinical characteristics of participants in the study.

Variables N Mean (SD) n (%)

Age (Years) 194 56.3(8.1)

Female 194 139(71.6%)

Male 194 55(28.4%)

Employment

Full-time 194 53(27%)

Part-time 194 22(11%)

Retired 194 48(25%)

Homemaker 194 65(34%)

Unemployed 194 6(3%)

Education Level

Primary school 194 53(27%)

Middle school 194 22(11%)

High school 194 48(25%)

College or above 194 65(34%)

Childhood trauma total 194 45.7(14.6)

Physical neglect 194 9.6(4.0) 85(43.8%)

Emotional neglect 194 12.7(5.3) 73(37.6%)

Sexual abuse 194 6.0(2.4) 21(10.8%)

Physical abuse 194 8.2(3.7) 85(43.8%)

Emotional abuse 194 9.3(4.1) 73(37.6%)

Trust scale total 194 12.6(17.2)

Dependability 194 4.2(6.4)

Faith 194 7.5(9.0)

Predictability 194 1.8(5.0)

Perceived stress 194 20.7(4.0)

Depression 194 9.1(3.3)

Anxiety 194 9.1(3.3)

Somatic symptoms 194 62.7(19.2)

Log IL-6 148 .22(.6)

Log IL-β 83 -2.6(1.6)

https://doi.org/10.1371/journal.pone.0232932.t001
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p<0.05; TS total score: R2 change = 0.08, F(1,73) = 8.0, p<0.01]. Although CSA significantly

predicted log IL-6 (β = -0.25, t(74) = -2.3, p<0.05), it became non-significant after TS total

score was entered into the model (β = -0.13, t(73) = -1.1, p = 0.27). This might suggest a poten-

Table 2. Bivariate Pearson’s correlations table between IL-6 and IL-1β with childhood trauma experiences, and

psychological outcomes physical outcomes for total sample.

Variables Log IL-6 Log IL-1β

N = 148 N = 83

1. Childhood trauma total 0.03 -0.07

1.1 Physical neglect 0.05 -0.08

1.2 Emotion neglect 0.02 -0.01

1.3 Sexual abuse -0.15 -0.09

1.4 Physical abuse 0.06 -0.10

1.5 Emotional abuse 0.05 -0.11

2. Trust scale total 0.19� 0.06

2.1 Dependability 0.20� 0.11

2.2 Faith 0.15 0.01

2.3 Predictability 0.16 0.04

3. Perceived stress -0.07 0.11

4. Depression -0.11 0.05

5. Anxiety -0.07 -0.03

6. Somatic symptoms -0.05 -0.02

� Correlation is significant at the 0.05 level (2-tailed)

https://doi.org/10.1371/journal.pone.0232932.t002

Table 3. Bivariate Pearson’s correlations table between IL-6 and IL-1β with childhood trauma experiences, psychological outcomes, and physical outcomes among

participants with and without clinically significant depression.

Variables Log IL-6 Log IL-1β

Depressed Non-depressed Depressed Non-depressed

N = 86 N = 62 N = 50 N = 33

1. Childhood trauma total -0.09 0.20 -0.04 -0.24

1.1 Physical neglect -0.01 0.14 -0.00 -0.18

1.2 Emotion neglect -0.08 0.14 0.02 -0.25

1.3 Sexual abuse -0.28�� 0.10 0.02 -0.05

1.4 Physical abuse 0.05 0.09 -0.06 -0.16

1.5 Emotional abuse -0.08 0.22 -0.08 -0.14

2. Trust scale total 0.36�� 0.01 0.12 -0.01

2.1 Dependability 0.35�� 0.02 0.19 0.02

2.2 Faith 0.35�� -0.05 0.05 -0.02

2.3 Predictability 0.23� 0.08 0.10 -0.02

3. Perceived stress -0.10 -0.02 0.21 -0.05

4. Depression -0.16 -0.03 0.03 0.01

5. Anxiety -0.05 -0.05 0.03 -0.14

6. Somatic symptoms -0.04 -0.03 -0.01 -0.09

� Correlation is significant at the 0.05 level (2-tailed)

�� Correlation is significant at the 0.01 level (2-tailed)

https://doi.org/10.1371/journal.pone.0232932.t003
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tial mediation effect of TS total score on CSA in predicting log IL-6, which we assessed in the

next step using the Sobel test.

Mediation analysis: Trust mediates the relationship between child sexual

and Log IL-6

The Sobel test indicated that TS total score was a significant mediator of the influence of CSA

on log IL-6 level among participants with depression (z = -2.2, p = 0.02). As Fig 1 illustrates,

the standardized regression coefficient between CSA and TS total score was statistically signifi-

cant [a path: β = -2.28, t = -4.0, p<0.001); F(1,84) = 0.15, R2 = 0.16, R2
adjusted = 0.15, p<0.001],

as was the standardized regression coefficient between TS total score and log IL-6 [b path: β =

0.29, t = 2.6, p<0.05); F(2,83) = 7.3, R2 = 0.15, R2
adjusted = 0.13, p<0.001]. We tested the signifi-

cance of this indirect effect using bootstrapping. Unstandardized indirect effects were com-

puted for 1,000 bootstrapped samples, and the 95% confidence interval was computed by

determining the indirect effects at the 2.5th and 97.5th percentiles. The bootstrapped unstan-

dardized indirect effect was -0.02 (p<0.05), and the 95% confidence interval ranged from -0.05

to -0.002. Thus, the indirect effect was statistically significant. This result suggests that CSA has

a negative influence on the level of IL-6 through the level of trust in one’s partner.

Discussion

Among the five types of childhood trauma measured in this study, CSA showed the strongest

association with IL-6 level in participants with clinically significant depression (r = -0.28,

p<0.01). The other four types of childhood trauma, emotional abuse, physical abuse, emo-

tional neglect, and physical neglect, show statistically non-significant correlations. On one

hand, this is understandable because CSA is considered to be the most traumatic of these

childhood experiences, and can have stronger long-term negative impacts.[4,15] CSA also

seems to coexist with many other types of abuse (e.g. emotional, physical, domestic, neglect,

etc.).[3,13] On the other hand, the correlation between CSA and IL-6 level in adulthood found

here takes an unexpected direction. It is generally believed that CSA is associated with elevated

levels of circulating inflammatory biomarkers.[12–18] The present study reveals a negative

Table 4. Hierarchical multiple regression analysis predicting Log IL-6 among participants with clinically significant depression Log IL-6 (N = 86).

Predictors Model 1 Model 2 Model 3

B β p B β p B β p

Block 1: Socio-Demographics

Age -0.00 -0.01 0.92 -0.00 -0.02 0.90 0.00 0.01 0.94

Gender -0.17 -0.15 0.22 -0.11 -0.10 0.44 -0.10 -0.03 0.45

Occupation 0.06 0.16 0.19 0.04 0.09 0.43 0.03 0.07 0.56

Education -0.05 -0.12 0.35 -0.05 -0.12 0.33 -0.07 -0.17 0.16

Block 2:

Child sexual abuse -0.05 -0.25 0.03� -0.02 -0.13 0.27

Block 3:

Trust scale total 0.01 0.32 0.01��

R2 0.04; p>0.05 0.10; p = 0. 13 0.18; p<0. 05

R2 adjusted -0.001 0.04 0.12

R2 change 0.04; p>0.05 0.06; p<0. 05 0.08; p<0. 01

� Correlation is significant at the 0.05 level (2-tailed)

�� Correlation is significant at the 0.01 level (2-tailed)

https://doi.org/10.1371/journal.pone.0232932.t004
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correlation between CSA and adulthood IL-6. While there are few studies in this area, a recent

meta-analysis reports that the association between CSA and adulthood IL-6 is mixed and com-

plex in depressed patients.[19] The mechanisms of the impacts of CSA on IL-6 or chronic

inflammation in adulthood are not entirely clear. Inflammation itself is a very complex,

dynamic process in which the level of IL-6 is subject to the influence of many variables, includ-

ing the levels of other proinflammatory cytokines, such as TNF-α and IL-1β, and the levels of

anti-inflammatory cytokines, such as IL-4, IL-10, and IL-11.[67,68] Moreover, there is a nega-

tive feedback loop from anti-inflammatory to proinflammatory cytokines.[69] In an inflam-

matory condition, the level of a single proinflammatory cytokine, such as IL-6, is not

necessarily elevated. To estimate the severity of inflammation more accurately, the levels of

other proinflammatory and anti-inflammatory cytokines must be evaluated at the same time.

In the present study, trust in partner shows significant association with IL-6 level in partici-

pants with clinically significant depression (r = 0.36, p<0.01). However, the correlation

between trust in partner and IL-6 level is also in an unexpected direction. It is generally

believed that trust in partner has a negative correlation with IL-6 level.[51–54] The reasons for

the observed discrepancy (a positive correlation) are likely similar to those depicted in the

above paragraph.

Hierarchical multiple regression analysis showed CSA to be a significant predictor of adult-

hood IL-6 level. When trust in partner was entered into the model, CSA and trust in partner

together explained 12% of variance in IL-6 level in adulthood. It is worth noting that the stan-

dardized β of CSA was reduced by a magnitude of 48%, from -0.25 to -0.13. Subsequent media-

tion analysis suggested that trust in partner mediates the impacts of CSA on adulthood IL-6

level. The findings seem to suggest that trust in partner may mitigate the negative impacts of

CSA. Rigorous investigation of this direction is worth pursuing.

The above findings were not observed in participants who were not clinically depressed.

CAS did not show significant association with IL-6 level. Previous studies have revealed that

CAS had association with depression in adulthood.[3]A plausible explanation for this may be

that these participants had largely recovered from CSA. Their physical and mental health con-

ditions were more subject to the influence of other more recent psychosocial factors.

Fig 1. Mediation model: Trust in partner mediated the relationship of child sexual abuse in affecting IL-6

(N = 86). � Correlation is significant at the 0.05 level (2-tailed).

https://doi.org/10.1371/journal.pone.0232932.g001
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The present study has a number of limitations. First, because a cross-sectional design was

adopted, and a non-random sample was utilized in the analysis, the causal relationships

among the variables were inferred by statistical analysis only. Second, CSA was measured by

recall, which is inherently subject to various forms of bias. For adult participants, CSA can be a

rather remote life event. It can be difficult to recall such experiences accurately. Besides, CSA

is by nature very traumatic. It is common for survivors to develop defence mechanisms to mit-

igate their immense suffering, which impedes recall of CSA in adulthood. Third, due to

resource constraints, only IL-6 and IL-1β were evaluated in the present study. Other proin-

flammatory and anti-inflammatory cytokines have not been assessed.

To conclude, the findings of the present study suggest that an individual’s trust in their

partner may mediate the impacts of CSA on adulthood IL-6 level, which has not been revealed

by previous research. This result is conceptually coherent and potentially has important impli-

cations for practice. It is worth pursuing further rigorous investigation in this direction.
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