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Abstract 
Background: Depressive disorder is often accompanied by physiological changes that may ad-
versely affect the course of medical illness, including an increase in pro-inflammatory cytokines. 
Methods: We examine the effects of religious cognitive behavioral therapy (RCBT) vs. conventional 
CBT (CCBT) on pro-/anti-inflammatory indicators and stress hormones in 132 individuals with 
major depressive disorder (MDD) and chronic medical illness who were recruited into a multi-site 
randomized clinical trial. Biomarkers (C-reactive protein and pro-inflammatory cytokines TNF-α, 
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IL-1β, IFN-γ, IL-6, IL-12-p70), anti-inflammatory cytokines (IL1ra, IL-4, IL-10), and stress hor-
mones (urinary cortisol, epinephrine, norepinephrine) were assessed at baseline, 12 weeks, and 
24 weeks. Differential effects of baseline religiosity on treatment response were also examined, 
along with effects of religiosity on changes in biomarkers over time independent of treatment 
group. Biomarker levels were log transformed where possible to normalize distributions. Mixed 
models were used to examine trajectories of change. Results: CRP increased and IL-4, IL-10, and 
epinephrine decreased over time, mostly in the opposite direction expected (except epinephrine). 
No significant difference between RCBT and CCBT was found on average trajectory of change in 
any biomarkers. Religiosity interacted with treatment group in effects on IL-6, such that CCBT was 
more effective than RCBT in lowering lL-6 in those with low religiosity whereas RCBT appeared to 
be more effective than CCBT in those with high religiosity. Higher baseline religiosity also tended 
to predict an increase in pro-inflammatory cytokines INF-γ and IL-12 (p70) and urinary cortisol 
over time. Conclusions: RCBT and CCBT had similar effects on stress biomarkers. CCBT was more 
effective in reducing IL-6 levels in those with low religiosity, whereas RCBT tended to be more ef-
fective in those with high religiosity. Unexpectedly, higher baseline religiosity was associated with 
an increase in several stress biomarkers. 
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1. Introduction 
Depressive disorder is often accompanied by physiological changes that may adversely affect the course of 
medical illness, including an increase in pro-inflammatory cytokines such as IL-6, IL-12, IFN-γ, IL-1, and 
TNF-α [1]-[3], a reduction in anti-inflammatory cytokines such as IL-4 and IL-10 [4] [5], and an increase in 
stress hormones [6]. Such physiological changes may increase risk of infection [7], vulnerability to and course 
of malignancy [8] [9], and may lead to inflammatory disorders [10]. The association between depressive disord-
er and changes in immune and endocrine function is a complex one, though, and this relationship has been ar-
gued to be bi-directional in effect [11]. Severe depression may influence levels of inflammation and stress hor-
mones, as inflammation and altered stress hormones can lead to sickness behaviors that resemble depression or 
lead to depression [4]. 

The abnormal changes in immunity, inflammation, and stress hormone levels associated with depression have 
been shown in clinical trials to return back towards normal with a variety of treatments, including antidepressant 
drug therapy [3] [12] [13], electroconvulsive therapy (TNF-α) [2], and especially, a wide range of psychological 
interventions [14]-[17]. 

Religious involvement is widespread in the United States (US) population [18] [19], and religion is often used 
to cope with psychological stress [20] and medical illness in particular [21]. Religiosity has been reported to pre- 
vent the development of depression, increase the speed of depression remission, and may help persons to cope 
with depression in the setting of chronic medical illness [22]-[24]. Religious involvement has also been asso-
ciated with lower levels of pro-inflammatory markers such as C-reactive protein (CRP) and IL-6 [25]-[27], 
higher levels of anti-inflammatory markers such as IL-1ra [28], and lower levels of stress hormones such as cor-
tisol and norepinephrine [29]-[34] in cross-sectional studies. Spiritual interventions have also been shown to al-
ter pro-/anti-inflammatory cytokine levels [35] [36], decrease cortisol [36]-[38], and lower specific catechola-
mines such as epinephrine and norepinephrine [39] [40]. 

In a recent clinical trial, we found little difference in outcome between religious cognitive behavioral therapy 
(RCBT) and conventional CBT (CCBT) in the treatment of major depressive disorder (MDD) in patients with 
chronic medical illness. In a secondary analysis, there was evidence that outcomes were better for more religious 
people who received RCBT (possibly due to better treatment adherence) [41]. Thus, we decided to compare the 
effects of RCBT vs. CCBT on changes in immune/inflammatory biomarker and stress hormone levels during 
treatment in this same cohort. 
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Hypotheses  
The present analysis examines the effects of religious vs. conventional CBT (RCBT vs. CCBT) on stress bio-
markers (inflammation and stress hormones) over 24 weeks during the course of a randomized clinical trial fo-
cused on treating persons with MDD and chronic medical illness who were at least somewhat religious or spiri-
tual. We hypothesized that: 

1) RCBT will be more effective than CCBT in a) reducing pro-inflammatory cytokines; b) increasing anti-  
inflammatory cytokines; and c) reducing stress hormones (12-hour urinary cortisol, epinephrine, and norepi-
nephrine); 

2) RCBT will be more effective in lowering pro-inflammatory cytokines and stress hormones and increasing 
anti-inflammatory cytokines in those who are more religious; and 

3) Baseline religiosity will predict a decrease in pro-inflammatory cytokines and stress hormones and an in-
crease in anti-inflammatory cytokines over time independent of treatment group. 

2. Methods 
The methodology involved in the randomized clinical trial has been described in detail elsewhere [41], although 
we summarize important aspects here. We recruited persons aged 18 to 85 into a multi-site randomized clinical 
trial (Durham County, North Carolina, and Los Angeles County, California). Potential participants were 
screened over the telephone, and if they passed this initial screen, were invited to come to the hospital for further 
screening after signing an informed consent form. Inclusion criteria were 1) one or more chronic medical ill-
nesses present for 6 months or longer; 2) a DSM-IV diagnosis of major depressive disorder made by a structured 
psychiatric interview, the MINI Neuropsychiatric Interview [42], which follows DSM-IV criteria; 3) mild to 
moderately severe depressive symptoms (10 to 40 on the 21-item Beck Depression Inventory [BDI-II, which 
ranges from 0 to 63]) [43]; and 4) religion or spirituality at least somewhat important, assessed by the question 
“How important is religion/spirituality in your daily life?” (“somewhat important” or more was required). Ex-
clusion criteria were 1) having significant cognitive impairment based on the brief Mini-Mental Stated Exam 
[44]; 2) having received psychotherapy within the past two months; 3) having a diagnosis of psychotic disorder, 
substance abuse, or posttraumatic stress disorder (PTSD) on the MINI within the past year; 4) having any histo-
ry of bipolar disorder (MINI); 5) any active suicidal thoughts (MINI); and 6) having a diagnosis of human im-
munodeficiency virus/acquired immunodeficiency syndrome (HIV/AIDS), autoimmune diseases, endocrine dis-
orders, a prognosis of less than 6 months, or taking immunosuppressant drugs, given the immune analyzes 
planned for this report. Those who fulfilled inclusion criteria and had no exclusion criteria then completed a 
baseline evaluation and were randomized to treatment group by an external group. Interviewers underwent ex-
tensive training to ensure that they remained blind to treatment group throughout the study. Duke University 
Medical Center and Glendale Adventist Medical Center institutional review boards approved the study. 

2.1. Interventions 
Eight master’s level cognitive behavioral therapists conducted the therapy (four delivering CCBT and four deli-
vering RCBT). The intervention consisted of ten 50-minute sessions administered over 12 weeks delivered re-
motely by telephone (94%); the remaining sessions were conducted by Skype (5%) or online using instant mes-
saging (1%). Remote delivery of therapy was chosen to reduce the effort necessary for those with chronic medi-
cal illness to participate. 

Conventional CBT was a manual-based intervention following CBT for depression as described by Aaron 
Beck, focused on altering dysfunctional cognitions and reducing depression-inducing behaviors [45]. If religious 
issues were brought up during the therapy, the therapist gently redirected the client to more secular ways of ap-
proaching the issue.  

Religiously integrated CBT was also a manual-based intervention developed specifically for this study. Five 
version of RCBT were developed so that they would match the religion of the client. First, a Christian version of 
the CCBT manual was developed [46], and then adapted for Buddhist, Hindu, Muslim, and Jewish clients. Uni-
versity faculty from Jewish, Muslim, Hindu, and Buddhist religious traditions with experience integrating reli-
gious beliefs into CBT guided the development of the manuals and workbooks [47]. The faculty also helped to 
supervise therapists when a client from a particular faith background was enrolled into the study.  
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There was considerable overlap between the two forms of CBT. Both integrated “spiritual” content into ther-
apy, focusing on forgiveness, gratefulness, altruistic behaviors, and engagement in social activities. Mindfulness 
meditation was included in CCBT to match the meditative practices that were part of the RCBT intervention. In 
fact, the only difference between CCBT and RCBT interventions was that RCBT attempted to integrate the 
client’s religious beliefs into the therapy and use them to motivate changes in dysfunctional cognitions and be-
haviors. 

2.2. Measures  
Biomarkers. The methods for assessing indicators of inflammation and measures of stress hormones have been 
described in full elsewhere [34]. In summary, serum inflammatory markers (TNF-α, IFN-γ, IL-1β, IL-4, IL-6, 
IL-10, IL-12 p70) were measured using Millipore’s multiplexed high sensitivity cytokine magnetic bead-based 
immunoassay kits (Milliplex cat #HSTCMAG-28SK, EMD Millipore, Billerica, MA). IL-1ra was run using the 
Milliplex Human Cytokine kit (Hcytomag-60K). Intra- and inter-assay coefficients of variation (CV) were <6% 
and <20% for all cytokines, respectively. All samples were run in duplicate along with duplicate standards that 
were used to generate a standard curve, and samples were repeated if the CV between the duplicates was greater 
than 15%.  

Serum CRP was measured using enzyme-linked immunosorbent assay (ELISA) kits from Assaypro, St 
Charles, MO), which have a minimal detection of ~0.25 ng/ml and an intra- and inter-assay CV of 5.0% and 
7.1%, respectively. Cortisol concentrations were measured in 12-h overnight urine samples using ELISA kits 
(Enzo Life Sciences International Inc., Plymouth Meeting, PA) that had a lower limit of detection of 333 pg/ml, 
and intra-and inter-assay CV of 10.5% and 13.4%, respectively. Cortisol levels were normalized for urine vo-
lume using creatinine levels determined by parametric kits that employed the Jaffe reaction (R & D Systems, 
Minneapolis, MN; minimal detection of 0.01 mg/dL and intra- and inter-assay CV of 3.5% and 4.0%, respec-
tively). All samples were run in duplicate along with duplicate standards that were used to generate a standard 
curve. If the coefficient of variance between the duplicates was greater than 15%, the assay was repeated for that 
sample. 

Twelve-hour urinary catecholamines (epinephrine and norepinephrine) were determined by high performance 
liquid chromatography with coulochem detection (HPLC-CD). They were analyzed using EZChrom Elite Soft- 
ware (Scientific Software Inc. Pleasanton, CA). Concentrations were determined based on standards of known 
concentrations (200 ng/ml) of norepinephrine, epinephrine, and dopamine and expressed as μg/g creatinine to 
normalize for urine volume. 

Religiosity. Standard single item measures of self-rated religiosity, organizational religious activity (atten-
dance at services), and private religious activity (frequency of prayer, meditation, and scripture study) were ad-
ministered [48], along with multi-item measures of intrinsic religiosity [49] and daily spiritual experiences [50]. 
To increase the power of the analysis for the primary hypotheses, religious variables were combined into an 
overall 29-item religiosity measure by summing self-rated religiosity, public and private religious activity, daily 
spiritual experiences, and intrinsic religiosity (range 44 - 153); alpha for the scale was 0.95.  

Demographics and physical health. Demographic characteristics assessed were age and education (continuous 
in years), gender, race, and marital status. The 12-item Duke Activity Status Index (DASI) [51] was used to 
measure physical functioning across domains for physical and instrumental activities of daily living (range 12 - 
36, with higher scores indicating better function). Medical co-morbidity was assessed using the Charlson Com-
orbidity Index, which provides a count of and severity ratings for ICD-10 medical illnesses [52]. Severity of 
overall medical illness was determined using the Cumulative Illness Rating Scale [53].  

2.3. Statistical Analysis 
Descriptive statistics were used to compare the two treatment groups at baseline (Table 1). Given concern over 
their outlier status, biomarker values more than three standard deviations (97.8% of the normal distribution) 
above the median value were omitted from analyses. This was done for approximately 3% of values and in- 
volved 42 participants assessed over the three time points. Since none of the biomarkers were normally distri-
buted, they were log transformed to normalize their values; because log transformations did not normalize 
IL-12-p70 and IL-4, analyses were performed on original values. 
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Table 1. Baseline characteristics of treatment groups.                                                                

 CCBT RCBT 

 (n = 67) (n = 65) 

Demographics   
Gender, female (%, N)1 65.7 (44) 72.3 (47) 

Age, years (mean, SD) 52.5 (13.7) 50.7 (13.3) 

Race, white Caucasian (%, N) 58.2 (39) 47.7 (31) 

Education, years (mean, SD) 15.2 (3.2) 15.0 (3.5) 

Marital status, married (%, N) 41.8 (28) 36.9 (24) 

Center, Duke (%, N) 47.8 (32) 46.2 (30) 

Religious characteristics   
Affiliation (%, N)   

Christian 92.5 (62) 83.1 (54) 

Buddhist 4.5 (3) 6.2 (4) 

Jewish 1.5 (1) 6.2 (4) 

Muslim 0 (0) 1.5 (1) 

Hindu 1.5 (1) 3.1 (2) 

Importance, very (%, N) 44.8 (30) 49.2 (32) 

Attendance, ≥weekly (%, N) 41.8 (28) 43.1 (28) 

Prayer, daily or more (%, N) 38.8 (26) 35.4 (23) 

Intrinsic religiosity (mean, SD) 34.5 (8.3) 35.2 (8.4) 

Spiritual experiences (mean, SD) 57.5 (16.1) 57.7 (15.9) 

Overall baseline religiosity (mean, SD) 102.6 (25.6) 103.3 (25.2) 

Depression   
Beck Depression Scale (mean, SD) 25.8 (9.2) 24.8 (7.6) 

Depression onset, <12 months (%, N) 70.2 (47) 73.9 (48) 

Physical illness severity   
Co-morbidity score (mean, SD) 2.7 (2.4) 2.1 (2.0) 

Physical functioning (mean, SD) 29.1 (5.6) 28.7 (5.9) 

Illness severity (mean, SD) 6.5 (4.7) 7.1 (5.7) 

1Column % (N); CCBT = conventional CBT; RCBT = religious CBT. Table adapted from Koenig et al. (2015) [41]. 
 

In bivariate analyses, mean levels of biomarkers were compared between treatment groups at baseline, 
12-week follow-up, and 24-week follow-up using the Student’s t-test (Table 2). Growth curve modeling using 
random intercept and slope (mixed effect regression models) examined the effect of the treatment (RCBT vs. 
CCBT) on trajectory of change of individual inflammatory markers and stress hormones from baseline to 
24-week follow-up (Table 3). This method allowed for participants with data for at least one time point to be 
included in the analysis and the retention of participants with missing data. The model included the fixed effects 
of group, time, and group by time interaction. The primary analysis was an intention-to-treat (ITT) analysis that 
included all randomized participants; analyses were repeated using a per-protocol (PP) method that included  

 
242 



L. S. Berk et al. 
 

Table 2. Means (SD) of inflammatory markers and stress hormones at baseline, 12 weeks and 24 weeks by treatment group.       

PRO-INFLAMMATORY CCBT RCBT Difference p2 

CRP (mg/L) Mean (SD)1 Mean (SD) Mean (95% CI)  
Intention-to-treat analysis     

Baseline (63 vs. 64)3 6.52 (6.64) 5.92 (6.52) 0.61 (−1.70 to 2.92) 0.649 

12-week (46 vs. 42) 5.44 (6.67) 7.88 (10.72) −2.45 (−6.29 to 1.39) 0.287 

24-week (30 vs. 24) 8.03 (10.75) 8.09 (6.87) −0.06 (−4.91 to 4.78) 0.422 

Per-protocol analysis     
Baseline (43 vs. 46) 6.64 (6.72) 6.10 (6.40) 0.54 (−2.23 to 3.30) 0.624 

12-week (43 vs. 39) 5.34 (6.67) 7.70 (10.6) −2.36 (−6.32 to 1.60) 0.665 

24-week (28 vs. 22) 8.11 (11.03) 8.16 (6.94) −0.05 (−5.20 to 5.10) 0.410 

TNF-α (pg/ml)     
Intention-to-treat analysis     

Baseline (63 vs. 61) 6.92 (3.07) 7.05 (3.76) −0.13 (−1.35 to 1.09) 0.842 

12-week (44 vs. 42) 6.81 (2.20) 6.39 (2.46) 0.42 (−0.58 to 1.41) 0.286 

24-week (29 vs. 27) 6.46 (2.18) 6.94 (5.01) −0.48 (−2.60 to 1.65) 0.847 

Per-protocol analysis     
Baseline (45 vs. 43) 6.73 (2.31) 6.27 (2.33) 0.46 (−0.52 to 1.44) 0.313 

12-week (41 vs. 38) 6.88 (2.24) 6.30 (2.55) 0.58 (−0.49 to 1.66) 0.172 

24-week (27 vs. 24) 6.56 (2.23) 6.85 (5.27) −0.29 (−2.65 to 2.07) 0.613 

IL-1β (pg/ml)     
Intention-to-treat analysis     

Baseline (62 vs. 62) 1.28 (1.07) 1.71 (1.89) −0.43 (−0.98 to 0.12) 0.570 

12-week (44 vs. 43) 1.31 (1.11) 1.25 (1.14) 0.06 (−0.42 to 0.54) 0.245 

24-week (29 vs. 27) 1.41 (1.93) 1.17 (1.21) 0.25 (−0.61 to 1.10) 0.302 

Per-protocol analysis     
Baseline (44 vs. 44) 1.11 (0.91) 1.46 (1.44) −0.34 (−0.85 to 0.17) 0.728 

12-week (40 vs. 39) 1.28 (1.14) 1.30 (1.18) −0.03 (−0.54 to 0.49) 0.360 

24-week (27 vs. 24) 1.42 (2.00) 1.19 (1.28) 0.23 (−0.71 to 1.17) 0.318 

IFN-γ (pg/ml)     
Intention-to-treat analysis     

Baseline (64 vs. 62) 9.91 (8.12) 9.41 (9.11) 0.50 (−2.54 to 3.54) 0.434 

12-week (44 vs. 42) 9.27 (7.65) 9.22 (8.40) 0.05 (−3.39 to 3.49) 0.381 

24-week (29 vs. 27) 7.90 (5.46) 7.07 (5.58) 0.84 (−2.12 to 3.80) 0.241 

Per-protocol analysis     
Baseline (45 vs. 44) 8.45 (6.76) 9.04 (9.01) −0.59 (−3.94 to 2.76) 0.694 

12-week (41 vs. 38) 8.94 (6.78) 9.57 (8.74) −0.63 (−4.12 to 2.87) 0.421 

24-week (27 vs. 24) 8.28 (5.46) 7.34 (5.81) 0.95 (−2.23 to 4.12) 0.209 
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Continued 

IL-6 (pg/ml)     
Intention-to-treat analysis     

Baseline (64 vs. 62) 2.84 (2.57) 2.56 (2.49) 0.28 (−0.61 to 1.17) 0.900 

12-week (45 vs. 41) 2.40 (1.78) 2.13 (1.45) 0.27 (−0.43 to 0.97) 0.997 

24-week (29 vs. 26) 2.03 (2.06) 2.00 (1.87) 0.03 (−1.04 to 1.10) 0.413 

Per-protocol analysis     
Baseline (45 vs. 44) 2.23 (2.06) 2.19 (2.20) 0.04 (−0.85 to 0.94) 0.820 

12-week (42 vs. 37) 2.36 (1.79) 2.12 (1.49) 0.24 (−0.50 to 0.99) 0.978 

24-week (27 vs. 23) 2.05 (2.12) 1.96 (1.99) 0.09 (−1.09 to 1.26) 0.505 

IL-12 p70 (pg/ml)     
Intention-to-treat analysis     

Baseline (64 vs. 62) 2.99 (2.28) 2.95 (3.85) 0.04 (−1.08 to 1.16) 0.946 

12-week (43 vs. 41) 2.54 (1.96) 2.24 (1.52) 0.30 (−0.47 to 1.06) 0.439 

24-week (29 vs. 27) 1.99 (1.30) 1.85 (1.33) 0.14 (−0.56 to 0.85) 0.682 

Per-protocol analysis     
Baseline (45 vs. 44) 2.50 (1.98) 2.46 (2.20) 0.04 (−0.84 to 0.92) 0.928 

12-week (40 vs. 37) 2.45 (1.83) 2.31 (1.55) 0.14 (−0.63 to 0.91) 0.719 

24-week (27 vs. 24) 2.03 (1.32) 1.81 (1.41) 0.22 (−0.54 to 0.99) 0.563 

ANTI-INFLAMMATORY     
IL-1ra (pg/ml)     

Intention-to-treat analysis     
Baseline (64 vs. 63) 33.78 (70.89) 39.10 (71.71) −5.32 (−30.36 to 19.73) 0.630 

12-week (46 vs. 41) 25.65 (40.57) 21.43 (35.93) 4.22 (−12.20 to 20.65) 0.098 

24-week (30 vs. 24) 23.43 (27.18) 47.52 (76.74) −24.09 (−57.77 to 9.58) 0.474 

Per-protocol analysis     
Baseline (46 vs. 46) 23.62 (38.27) 48.42 (81.50) −24.80 (−51.32 to 1.72) 0.974 

12-week (43 vs. 38) 26.52 (41.75) 22.21 (37.22) 4.30 (−13.29 to 21.89) 0.09 

24-week (28 vs. 22) 24.63 (27.74) 51.16 (79.27) −26.53 (−26.53 to 62.96) 0.440 

IL-4 (pg/ml)     
Intention-to-treat analysis     

Baseline (63 vs. 58) 12.72 (12.72) 12.33 (11.89) 0.38 (−4.06 to 4.83) 0.865 

12-week (43 vs. 43) 9.95 ( 8.46) 11.07 (11.25) −1.12 (−5.39 to 3.15) 0.605 

24-week (28 vs. 27) 6.77 ( 6.46) 7.15 (10.42) −0.39 (−5.12 to 4.35) 0.870 

Per-protocol analysis     
Baseline (45 vs. 43) 11.47 (10.34) 11.51 (11.92) −0.04 (−4.76 to 4.68) 0.986 

12-week (40 vs. 39) 9.53 (8.42) 11.75 (11.55) −2.22 (−6.74 to 2.30) 0.437 

24-week (26 vs. 24) 6.73 (6.67) 7.84 (10.86) −1.10 (−6.31 to 4.11) 0.671 
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Continued 

IL-10 (pg/ml)     
Intention-to-treat analysis     

Baseline (63 vs. 59) 9.43 (8.85) 9.09 (12.56) 0.34 (−3.59 to 4.26) 0.101 

12-week (43 vs. 42) 8.05 (9.13) 5.74 (8.10) 2.31 (−1.41 to 6.04) 0.016 

24-week (28 vs. 27) 6.23 (5.34) 4.91 (8.62) 1.32 (−2.59 to 5.24) 0.012 

Per-protocol analysis     
Baseline (45 vs. 43) 8.71 (8.73) 7.70 (11.18) 1.01 (−3.23 to 5.25) 0.209 

12-week (40 vs. 38) 8.12 (9.42) 6.13 (8.41) 1.99 (−2.05 to 6.03) 0.038 

24-week (26 vs. 24) 6.16 (5.49) 5.29 (9.09) 0.87 (−3.47 to 5.22) 0.023 

STRESS HORMONES     
Cortisol (mg/L creatinine)     
Intention-to-treat analysis     

Baseline (62 vs. 62) 35.50 (19.56) 32.70 (17.45) 2.80 (−3.79 to 9.39) 0.379 

12 weeks (46 vs. 42) 31.15 (19.63) 30.56 (18.42) 0.59 (−7.50 to 8.68) 0.937 

24 weeks (28 vs. 27) 23.19 (9.09) 28.60 (27.36) −5.41 (−16.70 to 5.88) 0.959 

Per-protocol analysis     
Baseline (43 vs. 46) 35.90 (20.62) 31.43 (17.07) 4.47 (−3.49 to 12.42) 0.293 

12 weeks (44 vs. 38) 30.41 (19.07) 31.24 (18.87) −0.83 (−9.19 to 7.54) 0.821 

24 weeks (26 vs. 23) 23.99 ( 8.94) 30.66 (29.16) −6.67 (−19.68 to 6.35) 0.986 

Epinephrine (mg/L creatinine)     
Intention-to-treat analysis     

Baseline (62 vs. 63) 12.22 (20.95) 10.29 (17.57) 1.93 (−4.89 to 8.75) 0.576 

12 weeks (44 vs. 43) 5.73 (5.55) 5.28 (4.22) 0.45 (−1.65 to 2.56) 0.779 

24 weeks (30 vs. 27) 5.55 (4.49) 3.67 (3.15) 1.88 (−0.20 to 3.96) 0.067 

Per-protocol analysis     
Baseline (46 vs. 46) 12.58 (22.24) 10.86 (19.92) 1.72 (−7.03 to 10.46) 0.87 

12 weeks (42 vs. 39) 5.75 (5.66) 5.13 (4.06) 0.63 (−1.55 to 2.79) 0.273 

24 weeks (28 vs. 23) 5.35 (4.23) 3.90 (3.17) 1.45 (−0.69 to 3.60) 0.098 

Norepinephrine (mg/L creatinine)     
Intention-to-treat analysis     

Baseline (61 vs. 62) 52.20 (42.08) 50.08 (28.79) 2.12 (−10.79 to 15.03) 0.85 

12 weeks (46 vs. 41) 60.85 (44.05) 52.01 (35.07) 8.83 (−8.28 to 25.95) 0.748 

24 weeks (30 vs. 27) 52.04 (35.50) 43.87 (34.52) 8.17 (−10.46 to 26.80) 0.198 

Per-protocol analysis     
Baseline (44 vs. 45) 56.44 (47.59) 53.29 (31.47) 3.15 (−13.93 to 20.23) 0.715 

12 weeks (44 vs. 37) 61.49 (44.64) 51.31 (32.35) 10.18 (−7.36 to 27.73) 0.76 

24 weeks (28 vs. 23) 53.93 (35.94) 45.11 (35.42) 8.81 (−11.38 to 29.01) 0.197 

CCBT = Conventional cognitive-behavioral therapy; RCBT = religious CBT; SD = standard deviation, CI = confidence intervals; CRP = C-reactive 
protein (acute phase protein), TNF-α = tumor necrosis factor-α, IL = interleukin, IFN = interferon. 1Means and SD (standard deviations) are for origi-
nal data (not log transformed); 2p values are for analyses using log transformed data, except for IL-4 and IL-12; 3N (sample size) for CCBT vs. RCBT; 
mean values, SD, and mean differences are for raw data. 
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Table 3. Effect of RCBT vs. CCBT on trajectory of change in inflammatory biomarkers and stress hormones from baseline 
to 24 weeks.                                                                                                   

 B SE t value p 

PRO-INFLAMMATORY     
Log CRP (mg/L)     

Intent-to-treat (ITT) analysis     
Time 0.07 0.04 1.82 0.071 

Main effect of group 0.10 0.13 0.77 0.441 

Group × time interaction −0.07 0.06 −1.17 0.242 

Per-protocol (PP) analysis     
Time 0.09 0.04 2.03 0.044 

Main effect of group 0.13 0.15 0.87 0.385 

Group × time interaction −0.09 0.06 −1.51 0.135 

Log TNF-α (pg/ml)     
Intent-to-treat analysis     

Time −0.01 0.01 −1.40 0.163 

Main effect of group 0.01 0.04 0.30 0.767 

Group × time interaction 0.00 0.01 −0.02 0.98 

Per-protocol analysis     
Time 0.00 0.01 −0.41 0.681 

Main effect of group 0.05 0.04 1.18 0.242 

Group × time interaction −0.01 0.01 0.60 0.549 

Log IL-1β (pg/ml)     
Intent-to-treat analysis     

Time −0.03 0.03 −1.06 0.293 

Main effect of group 0.04 0.14 0.30 0.765 

Group × time interaction 0.04 0.04 0.81 0.417 

Per-protocol analysis     
Time −0.03 0.03 −0.77 0.442 

Main effect of group 0.03 0.17 0.16 0.874 

Group × time interaction 0.03 0.05 0.69 0.492 

Log IFN-γ (pg/ml)     
Intent-to-treat analysis     

Time −0.02 0.02 −1.19 0.237 

Main effect of group 0.05 0.10 0.45 0.654 

Group × time interaction 0.02 0.03 0.81 0.417 

Per-protocol analysis     
Time −0.02 0.02 −0.67 0.501 

Main effect of group 0.02 0.13 0.16 0.876 

Group × time interaction  0.02 0.03 0.71 0.478 
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Continued 

Log IL-6 (pg/ml)     
Intent-to-treat analysis     

Time 0.01 0.04 0.13 0.897 

Main effect of group 0.04 0.12 0.34 0.738 

Group × time interaction −0.03 0.06 −0.46 0.645 

Per-protocol analysis     
Time 0.03 0.04 0.62 0.533 

Main effect of group 0.00 0.15 −0.01 0.990 

Group × time interaction −0.02 0.06 −0.36 0.716 

IL-12 p70 (pg/ml)     
Intent-to-treat analysis     

Time −0.18 0.08 −2.16 0.033 

Main effect of group −0.09 0.57 −0.17 0.869 

Group × time interaction 0.06 0.12 0.52 0.602 

Per-protocol analysis     
Time −0.17 0.09 −1.90 0.059 

Main effect of group −0.13 0.46 −0.29 0.774 

Group × time interaction 0.07 0.12 0.55 0.587 

ANTI-INFLAMMATORY     
Log IL-1ra (pg/ml)     

Intent-to-treat analysis     
Time −0.04 0.05 −0.78 0.436 

Main effect of group 0.06 0.19 0.33 0.741 

Group × time interaction 0.05 0.07 0.78 0.436 

Per-protocol analysis     
Time −0.05 0.06 −0.89 0.377 

Main effect of group −0.02 0.23 −0.08 0.935 

Group × time interaction 0.07 0.08 0.91 0.364 

IL-4 (pg/ml)     
Intent-to-treat analysis     

Time −2.31 0.71 −3.28 0.001 

Main effect of group −0.18 2.53 −0.07 0.945 

Group × time interaction 0.49 0.99 0.49 0.625 

Per-protocol analysis     
Time −1.45 0.64 −2.27 0.025 

Main effect of group −0.03 2.62 −0.01 0.99 

Group × time interaction −0.32 0.89 −0.36 0.719 
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Continued 

Log IL-10 (pg/ml)     

Intent-to-treat analysis     
Time −0.12 0.04 −2.87 0.005 

Main effect of group 0.11 0.16 0.66 0.514 

Group × time interaction 0.13 0.06 2.11 0.037 

Per-protocol analysis     
Time −0.11 0.05 −2.33 0.021 

Main effect of group 0.09 0.19 0.47 0.642 

Group × time interaction 0.12 0.06 1.93 0.056 

STRESS HORMONES     
Log Cortisol (mg/L creatinine)     

Intent-to-treat analysis     
Time −0.03 0.02 −1.34 0.181 

Main effect of group 0.08 0.07 1.18 0.241 

Group × time interaction −0.04 0.03 −1.17 0.245 

Per-protocol analysis     
Time −0.01 0.03 −0.53 0.598 

Main effect of group 0.11 0.08 1.36 0.175 

Group × time interaction −0.05 0.04 −1.38 0.170 

Log Epinephrine (mg/L creatinine)     
Intent-to-treat analysis     

Time −0.24 0.05 −4.86 <0.0001 

Main effect of group −0.19 0.13 −1.43 0.156 

Group × time interaction 0.13 0.07 1.88 0.063 

Per-protocol analysis     
Time −0.25 0.05 −4.51 <0.0001 

Main effect of group −0.15 0.15 −0.98 0.328 

Group × time interaction 0.11 0.08 1.52 0.130 

Log Norepinephrine (mg/L creatinine)     
Intent-to-treat analysis     

Time −0.04 0.03 −1.29 0.200 

Main effect of group −0.06 0.08 −0.76 0.447 

Group × time interaction 0.05 0.04 1.15 0.253 

Per-protocol analysis     
Time −0.04 0.03 −1.34 0.184 

Main effect of group −0.07 0.09 −0.78 0.438 

Group × time interaction 0.05 0.04 1.04 0.301 

RCBT = religious CBT; CCBT = Conventional cognitive-behavioral therapy; CRP = C-reactive protein (acute phase protein), TNF-α = tumor necrosis factor-α, 
IL = interleukin, IFN = interferon. B = unstandardized coefficient for “time” indicates change in biomarker during the course of therapy (independent of group); 
the “main effect of group” represents the average difference between treatment groups (RCBT = 1, CCBT = 0); and for the “group × time interaction” indicates 
whether the two groups changed at the same rate; B’s are from mixed effects growth curve models; SE = standard error; p = significance level; N = 121 - 127 for 
ITT analyses and 88 - 92 for PP analyses; log-transformed data used, except for IL-4 and IL-12. 
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only those who received at least 5 of the 10 treatment sessions (to determine changes in biomarkers in those who 
received at least half of the treatment). 

To examine the differential effect that baseline religiosity had on the effectiveness of RCBT vs. CCBT, we 
entered the summed measure of baseline religiosity and its interaction with treatment group into the mixed mod-
els above (Table 4). If the interaction was statistically significant or nearly so (p < 0.10), we dichotomized the 
summed religiosity variable at the mid-point into low and high religiosity categories and repeated the analysis 
(group, time, group by time interaction) in each category. To examine the effect of baseline religiosity on the 
trajectory of change in biomarkers regardless of treatment group, we entered baseline religiosity into the mixed 
model, along with group, time, and group by time interaction (Table 5). Statistical analyses were performed us-
ing SAS (version 9.3; SAS Institute Inc., Cary, North Carolina). The significance level was set at p=0.05 for all 
endpoints without correction for multiple comparisons given the exploratory nature of these analyses. 

3. Results 
As reported in the parent study [41], a total of 450 potential participants were screened between June 2011 and 
June 2013, of whom 187 were assessed by in-person screening and 132 were randomized to treatment group. 
Three clients who did not fulfill inclusion/exclusion criteria were mistakenly randomized in the trial, but were 
included to keep randomization intact. The characteristics of the sample are described in Table 1. Participants 
scored an average of 25.3 ± 8.5 on the BDI, which indicates moderate depression severity (but well above the 
cutoff of 10 for depression on the scale). There were no significant differences between treatment groups on any 
of the characteristics in Table 1. As reported elsewhere, mean level of depressive symptoms in both groups de-
creased progressively during the course of treatment (from 25.3 ± 8.5 at baseline to 11.8 ± 9.4 at 12-week and 
11.8 ± 11.2 at 24-week), with no difference between RCBT and CCBT [41]. Median levels of baseline CRP, 
pro-inflammatory cytokines, and stress hormones tended to be higher in this sample compared to those in a 
community sample of non-depressed persons enrolled in the Midlife in the United States Study (MIDUS) [34].  

Based on the existing research suggesting a relationship between stress biomarkers and depression, we ex-
pected that a change (i.e., decrease) in depression severity during the course of treatment would be correlated 
with a decrease in pro-inflammatory biomarkers, an increase in anti-inflammatory cytokines, and a reduction in 
urinary stress hormones. However, decrease in severity of depressive symptoms was not significantly correlated 
with changes in pro-inflammatory proteins or cytokines (CRP, r = −0.03, p = 0.810; TNF-α, r = −0.03, p = 0.745; 
IL-1β, R = 0.02, p = 0.887; IFN-γ, r = 0.08, p = 0.440; IL-6, r = 0.07, p = 0.507; IL-12, r = −0.05, p = 0.675), 
changes in anti-inflammatory cytokines (IL-1ra, r = −0.00, p = 0.984; IL-4, r = −0.00, p = 0.984; IL-10, r = 0.04, 
p = 0.736), or changes in urinary stress hormones (cortisol, r = 0.08, p = 0.469; epinephrine, r = −0.01, p = 0.953; 
norepinephrine, r = −0.05, p = 0.651). This is despite the fact that depressive symptoms decreased in the overall 
trial population by an average of 13.9 points on the BDI-II, with changes ranging from a decrease of 38 points to 
an increase of 29 points. Similarly, there was a wide range of change in biomarkers during the study. 

3.1. Effect of RCBT vs. CCBT on Biomarkers 
In the ITT analysis that addressed our primary hypothesis, no difference was found between RCBT and CCBT 
in their effects on stress biomarkers in any comparison at baseline, 12 weeks, or 24 weeks, except for the anti- 
inflammatory cytokine IL-10, where a greater reduction was seen with RCBT at both 12 and 24 weeks (Table 2, 
Figure 1). The PP analysis among clients who had received at least 5 of the 10 treatment sessions also indicated 
no differences except for IL-10, supporting the findings from the ITT analysis.  

Several pro-inflammatory, anti-inflammatory, and stress hormone indicators changed significantly over time 
in the mixed effects growth curve models (in both expected and unexpected directions) (Table 3). The ITT 
analysis indicated that the stress hormone epinephrine decreased significantly over time in the expected direc-
tion (time B = −0.24, SE [standard error] = 0.05, t = −4.86, p < 0.0001) (Figure 2). However, contrary to expec-
tations the anti-inflammatory cytokines IL-4 and IL-10 also decreased over time (IL-4 time B = −2.31, SE = 
0.71, t = −3.28, p = 0.001; IL-10 time B = −0.12, SE = 0.04, t = −2.87, p = 0.005). Also, pro-inflammatory acute 
phase protein CRP increased over time, an effect which in the PP analysis became significant (time B = 0.09, SE 
= 0.04, t = 2.03, p = 0.044) (Figure 3). 

However, there was no significant difference in average treatment effects (i.e., main effect of group) between 
RCBT and CCBT on any biomarker, including IL-10, in either ITT or PP analyses. 
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Table 4. Interaction between baseline religiosity and treatment group on trajectory of change in inflammatory markers and 
stress hormones.                                                                                                

 B SE t value p 

PRO-INFLAMMATORY     
Log CRP (mg/L)     

Intent-to-treat analysis (ITT) 0.00 0.00 −0.19 0.853 

Per-protocol analysis (PP) 0.00 0.00 −0.28 0.779 

Log TNF-α (pg/ml)     
ITT 0.00 0.00 −0.30 0.763 

PP 0.00 0.00 −0.41 0.683 

Log IL-1β (pg/ml)     
ITT 0.00 0.00 −0.92 0.360 

PP −0.01 −0.01 −1.08 0.282 

Log IFN-γ (pg/ml)     
ITT 0.00 0.00 −0.49 0.628 

PP 0.00 0.00 −0.71 0.478 

Log IL-6 (pg/ml)     
ITT −0.01 0.00 −1.98 0.050 

PP −0.01 0.00 −2.66 0.009 

IL-12 p70 (pg/ml)     
ITT −0.02 0.02 −0.95 0.345 

PP −0.01 0.02 −0.36 0.721 

ANTI-INFLAMMATORY     
Log IL-1ra (pg/ml)     

ITT −0.01 0.01 −1.94 0.055 

PP −0.02 0.01 −2.14 0.034 

IL-4 (pg/ml)     
ITT −0.12 0.08 −1.57 0.118 

PP −0.12 0.08 −1.45 0.149 

Log IL-10 (pg/ml)     
ITT −0.01 0.01 −1.54 0.126 

PP −0.01 0.01 −1.21 0.228 

STRESS HORMONES     
Log Cortisol (mg/L creatinine)     

ITT 0.00 0.00 −1.45 0.148 

PP 0.00 0.00 −1.15 0.250 

Log Epinephrine (mg/L creatinine)     
ITT 0.00 0.00 −0.70 0.486 

PP 0.00 0.00 0.29 0.776 

Log Norepinephrine (mg/L creatinine)     
ITT 0.00 0.00 −0.05 0.963 

PP 0.00 0.00 0.41 0.682 

CRP = C-reactive protein, TNF-α = tumor necrosis factor-α, IL = interleukin, IFN = interferon; B = unstandardized coefficient for the religiosity by 
group interaction term in the mixed effects growth curve model; SE = standard error; p = significance level; N = 121 - 127 for ITT analyses and 88 - 
92 for PP analyses; log transformed data used, except for IL-4 and IL-12. 
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Table 5. Effect of baseline religiosity on trajectory of change in inflammatory markers and stress hormones independent of 
treatment group.                                                                                                

 B SE t value p 

PRO-INFLAMMATORY     
Log CRP (mg/L)     

Intent-to-treat analysis (ITT) 0.001 0.002 0.66 0.511 

Per-protocol analysis (PP) 0.001 0.002 0.47 0.642 

Log TNF-α (pg/ml)     
ITT 0.000 0.001 0.18 0.857 

PP 0.000 0.001 0.78 0.438 

Log IL-1β (pg/ml)     
ITT 0.001 0.002 0.59 0.556 

PP 0.001 0.003 0.37 0.713 

Log IFN-γ (pg/ml)     
ITT 0.004 0.002 2.42 0.017 

PP 0.005 0.002 2.28 0.024 

Log IL-6 (pg/ml)     
ITT 0.001 0.002 0.35 0.725 

PP 0.000 0.002 0.23 0.820 

IL-12 p70 (pg/ml)     
ITT 0.021 0.011 1.96 0.052 

PP 0.007 0.008 0.90 0.369 

ANTI-INFLAMMATORY     
Log IL-1ra (pg/ml)     

ITT 0.003 0.003 1.15 0.252 

PP 0.002 0.004 0.62 0.539 

IL-4 (pg/ml)     
ITT 0.027 0.040 0.67 0.502 

PP 0.017 0.042 0.39 0.694 

Log IL-10 (pg/ml)     
ITT 0.001 0.003 0.54 0.593 

PP 0.000 0.003 −0.13 0.899 

STRESS HORMONES     
Log Cortisol (mg/L creatinine)     

ITT 0.001 0.001 1.83 0.069 

PP 0.002 0.001 1.77 0.079 

Log Epinephrine (mg/L creatinine)     
ITT 0.000 0.001 0.24 0.808 

PP 0.001 0.000 0.69 0.490 

Log Norepinephrine (mg/L creatinine)     
ITT 0.000 0.001 0.15 0.880 

PP 0.000 0.001 −0.11 0.914 

CRP = C-reactive protein, TNF-α = tumor necrosis factor-α, IL = interleukin, IFN = interferon; B = unstandardized coefficient for the baseline reli-
giosity term in the mixed effects growth curve model; SE = standard error; p = significance level; N = 121 - 127 for ITT and 88 - 92 for PP analyses; 
log transformed data used in analyses, except for IL-4 and IL-12. 
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Figure 1. Effects of RCBT vs. CCBT on average level of anti-inflammatory cytokine interleukin 10 (IL-10) (±standard er-
ror). Mixed model intent-to-treat analysis (log transformed): time B = −0.12, p = 0.005; main effect of group B = 0.11 
(where RCBT = 1), p = 0.514; group × time interaction B = 0.13, p = 0.037.                                                

 

 
Figure 2. Effects of RCBT vs. CCBT on average level of urine epinephrine (±standard error). Mixed model intent-to-treat 
analysis (log transformed): time B = −0.24, p < 0.0001; main effect of group B = −0.19, p = 0.156; group × time interaction 
B = 0.13, p = 0.063.                                                                                     
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Figure 3. Effects of RCBT vs. CCBT on average level of C-reactive protein (CRP) (±standard error). Mixed model in-
tent-to-treat analysis (log transformed): time B=0.07, p = 0.071; main effect of group B = 0.10, p = 0.441; group × time inte-
raction B = −0.07, p = 0.242.                                                                                     

3.2. Differential Effects of Religiosity 
With regard to the impact of RCBT vs. CCBT in those with higher and low religiosity scores, no significant ef-
fect was seen on any pro-inflammatory, anti-inflammatory, or stress hormone outcome examined in the ITT 
analysis, except for IL6 (Table 4). For IL-6, the interaction between overall religiosity and treatment group in 
the mixed effect growth curve model was significant in both ITT and PP analyses (B = −0.007, SE = 0.003, t = 
−1.98, p = 0.050, and B = −0.011, SE = 0.004, t = −2.66, p = 0.009, respectively). The ITT analysis in the low 
religiosity group indicated that CCBT was more effective than RCBT in lowering IL-6 levels (main effect B = 
0.38, SE = 0.15, t = 2.52, p = 0.014, n = 62); this was replicated in the PP analysis (main effect B = 0.48, SE = 
0.18, t = 2.62, p = 0.011, n = 44). In those with high religiosity, RCBT was no more effective than CCBT in the 
ITT analysis (main effect B = −0.28, SE = 0.19, t = −1.44, p = 0.155, n = 64), but was more effective in the PP 
analysis (main effect B = −0.47, SE = 0.24, t = 2.00, p = 0.050, n = 45) (Figure 4). 

3.3. Effect of Baseline Religiosity on Biomarkers 
When overall religiosity was entered into the mixed effects growth curve models, effects were observed on 
changes in several biomarkers over time independent of treatment group (Table 5). The effects, however, were 
not as hypothesized. Results from the ITT analysis indicated that greater religiosity at baseline predicted an in-
crease in pro-inflammatory cytokines IFN-γ (B = 0.004, SE = 0.002, t = 2.42, p = 0.017) and IL-12-p70 (B = 
0.021, SE = 0.011, t = 1.96, p = 0.052), and tended to predict an increase in urinary cortisol (B = 0.001, SE = 
0.001, t = 1.83, p = 0.069). Religiosity had no significant effect on any other biomarker. 

4. Discussion 
To our knowledge, this is the first study to compare the effects of religiously-integrated CBT compared to con- 
ventional CBT on changes in a wide range of pro-inflammatory, anti-inflammatory, and stress hormone bio- 
markers in persons with major depressive disorder and chronic medical illness who were at least somewhat reli- 
gious or spiritual. Despite the finding that a number of these biomarkers changed during the course of therapy, 
neither RCBT nor CCBT were effective in reducing pro-inflammatory cytokines. The only exception in this re- 
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Low Religiosity                                            High Religiosity 

Figure 4. Effects of RCBT vs. CCBT on the average level (original values) of pro-inflammatory cytokine interleukin-6  
(IL-6) (±standard error) in those with low and high religiosity. Low religiosity: mixed model per-protocol analysis (log 
transformed): time B = 0.09, p = 0.084; main effect of group B = 0.48, p = 0.011; group × time interaction B = −0.13, p = 
0.063 (n = 44); high religiosity: mixed model per-protocol analysis (log transformed): time B = −0.03, p = 0.719; main effect 
of group B = −0.47, p = 0.050; group × time interaction B=0.08, p = 0.446 (n = 45).                                          

 
gard emerged from the moderator analysis. In the low religiosity group, CCBT was significantly more effective 
in reducing the pro-inflammatory cytokine IL-6, whereas in the high religiosity group, RCBT was more effec-
tive in reducing IL-6 in the per protocol analysis. Baseline religiosity, however, predicted an increase in pro-in- 
flammatory cytokines IFN-γ and IL-12-p70 and tended to do likewise with urinary cortisol (which is usually as-
sociated with greater depression [54] [55]). 

4.1. Interpretation 
The only findings in this study that supported our hypotheses were the reduction in urinary epinephrine over 
time as MDD was treated and the interaction of religiosity with treatment type for the marker IL-6. The former 
is consistent with prior research indicating higher levels of stress hormones in those with MDD and a decline in 
those hormones in response to treatment [56]. The latter is consistent with our original report that CCBT tended 
to be more effective than RCBT in the treatment of MDD in those who were less religious, whereas RCBT 
tended to be more effective in those who were more religious [41].  

Why, however, was RCBT in general not more effective than CCBT in reducing pro-inflammatory cytokines, 
increasing anti-inflammatory cytokines, and reducing stress hormones, biomarkers known to be associated with 
MDD? One finding that may have influenced these results was that change in depressive symptoms was not as-
sociated with change in any of the inflammatory markers or stress hormones measured here, despite a sharp 
mean drop in BDI-II scores over the time of the trial. Had there not been such a decrease in symptoms, we might 
have attributed the failure to detect differences in treatment effect to the mild to moderate level of depression at 
baseline (ranging from 10 to 42). This lack of an association between change in depression with treatment and 
change in biomarkers remains an unexplained finding. If changes in biomarker levels during the study were not 
related to changes in depression, then the treatments for depression examined here may not have had much of an 
effect on changes in biomarkers either. Several biomarkers (four of twelve) did change during the study, al-
though the change was in expected (one) and unexpected directions (three). There was no way, however, to de-
termine whether those changes were due to a treatment effect, regression to the mean, or a chance finding, given 
the inconsistent pattern of change and lack of a no-treatment control group. 

Failure to find a difference in biomarker change between RCBT and CCBT may also have been due to the si-
milarity of the interventions. Both therapies addressed dysfunctional cognitions and behaviors and did so in 
broadly spiritual ways (focusing on meaning and purpose, forgiveness, gratitude, altruism, social connections, 
etc.), with the only difference being the religious nature of motivations for change. Given that studies comparing 
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two types of psychotherapy often do not report significant differences [57], and given the many similarities in 
the two treatment approaches examined here, perhaps failure to find a difference in clinical or physiological 
outcomes is not too surprising.  

The positive correlation between baseline religiosity and an increase in pro-inflammatory markers was also a 
curious and unexpected finding given prior research. Could religious people have become more physiologically 
stressed by the treatment even though their depressive symptoms lessened? Might the religious element of 
RCBT have stressed certain individuals with its reference to religious issues, even though the CBT elements 
helped? Neither of these explanations are likely since the effect was present in both RCBT and CCBT groups 
(i.e., was independent of treatment group). A “healthy” physiological response may also differ depending on the 
condition. The goal of treatment is to produce an optimal balance in pro- and anti-inflammatory responses, and 
this could involve an increase in certain inflammatory biomarkers such as IFN-γ that can actually decrease in 
response to stress [58].  

4.2. Limitations 
A number of limitations in the present study may have influenced our findings. First, our sample consisted of 
persons with chronic medical illnesses who were taking a wide range of medications that could influence levels 
of inflammatory markers and stress hormones. Although we did our best to exclude individuals with obvious in-
flammatory disorders and those taking drugs that suppress the immune system or affect endocrine functions, in-
dividuals with conditions or on medication that could have affected the results of biomarker analyses may have 
ended up in the sample. This likely added to the variance in our outcomes, making it difficult to identify differ-
ences between treatments or associations with depressive symptoms or religiosity. Second, none of the bio-
markers were normally distributed, and two of the biomarkers (IL4 and IL-12) could not be normalized with log 
transformation, factors which may have also influenced our results.  

Third, the trial population included some participants whose MDD symptoms were only mild in severity. The 
findings may have been quite different had only participants with severe major depression been included. Fourth, 
treatment was delivered remotely by telephone, which may not have the same results as in-person treatment. 
However, recent evidence on CBT delivered in primary care suggests there is little difference in efficacy and 
that adherence may be better when therapy is delivered by telephone [59] [60]. Finally, many statistical compar-
isons were conducted to compare RCBT vs. CCBT on each of the 12 stress biomarkers in the ITT analysis and 
per-protocol analyses, as well as to test the moderating effects of religiosity and the effects of baseline religiosi-
ty on outcomes, increasing the likelihood of a Type 1 error. We chose to use a traditional significance level of 
0.05 because of the exploratory nature of these analyses and the relatively small sample (which was not powered 
to detect changes in biomarker levels). Had we corrected our p-value for multiple comparisons the significance 
level would have been closer to 0.001.  

Nevertheless, the study also has a number of strengths. First, it was a multi-site randomized clinical trial con-
ducted on the East and West coasts of the US that tested reasonable hypotheses based on the existing literature. 
Second, the interventions were structured and manual-based, administered by experienced therapists, and were 
administered in a standard dose (ten 50-minute sessions). Third, we diagnosed MDD using a structured psychia-
tric interview (MINI) and examined changes in depressive symptoms using a standard measure that is widely 
used in clinical trials of depression in primary care (BDI-II). Fourth, we measured religiosity in a comprehensive 
manner that is seldom done in studies of this nature. Fifth, we assessed a wide range of stress biomarkers known 
to be associated with depressive disorder and often found to be responsive to treatment. Finally, our use of 
mixed effects growth curve models enabled us to make maximum use of the available data. 

5. Conclusion 
Neither RCBT nor CCBT were consistently effective in reducing pro-inflammatory cytokines, increasing anti- 
inflammatory cytokines, or reducing stress hormones in this sample of persons with chronic medical illness and 
major depressive disorder. The only exception was that CCBT had a greater impact on reducing the pro-in- 
flammatory cytokine IL-6 in those with low religiosity, while RCBT seemed to have a greater effect on IL-6 in 
those with higher religiosity. Religiosity, however, predicted an increase in pro-inflammatory cytokines and the 
stress hormone cortisol over time independent of treatment group, which was not expected. Whether these find-
ings are due to chance, given the multiple statistical comparisons, or due to the trial design will need to be de-
termined by future research that seeks to replicate these results.  
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